CLINICAL UPDATE 


Management of common adverse effects of antipsychotic medications 

T. Scott Stroup 1 , Neil Gray 2 

'New York State Psychiatric Institute, Columbia University College of Physicians and Surgeons, New York, NY, USA; department of Psychiatry, John A. Bums School of Medicine, 
University of Hawaii, Honolulu, HI, USA 


The benefits of antipsychotic medications are sometimes obscured by their adverse effects. These effects range from relatively minor tolerability 
issues (e.g., mild sedation or dry mouth) to very unpleasant (e.g, constipation, akathisia, sexual dysfunction) to painful (e.g, acute dystonias) to 
disfiguring (e.g., weight gain, tardive dyskinesia) to life-threatening (e.g., myocarditis, agranulocytosis). Importantly, adverse effect profiles are 
specific to each antipsychotic medication and do not neatly fit into first- and second-generation classifications. This paper reviews management 
strategies for the most frequent side effects and identifies common principles intended to optimize net antipsychotic benefits. Only use antipsycho- 
tics if the indication is clear; only continue antipsychotics if a benefit is discernible. If an antipsychotic is providing substantial benefit, and the ad¬ 
verse effect is not life-threatening then the first management choice is to lower the dose or adjust the dosing schedule. The next option is to change 
the antipsychotic; this is often reasonable unless the risk of relapse is high. In some instances, behavioral interventions can be tried. Finally, con¬ 
comitant medications, though generally not desirable, are necessary in many instances and can provide considerable relief. Among concomitant 
medication strategies, anticholinergic medications for dystonias and parkinsonism are often effective; beta-blockers and anticholinergic medica¬ 
tions are useful for akathisia; and metformin may lead to slight to moderate weight loss. Anticholinergic drops applied sublingually reduce sialor¬ 
rhea. Usual medications are effective for constipation or dyslipidemias. The clinical utility of recently approved treatments for tardive dyskinesia, 
valbenazine and deutetrabenazine, is unclear. 
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Antipsychotics are the first-line evidence-based treatment 
for schizophrenia and other primary psychotic disorders. Some 
antipsychotics are also approved for treatment of bipolar dis¬ 
order, treatment-resistant depression, autism, or Tourette’s 
disorder. In addition, these medications are prescribed off- 
label for individuals with other conditions, such as borderline 
personality disorder, obsessive-compulsive disorder, anorexia 
nervosa, insomnia, delirium, and various dementia syndromes 
including Alzheimer’s disease. The utility of these drugs is ham¬ 
pered by their adverse effects, which must be weighed against 
their variable benefits for these conditions. 

In persons with schizophrenia, antipsychotic medications 
often provide dramatic symptomatic relief for hallucinations 
and delusions, and improvement for disorganized thoughts 
and behavior. However, because they are associated with a 
multitude of adverse effects, some of which are medically se¬ 
rious and many of which affect patient attitudes toward treat¬ 
ment, discussions about these medications are often domi¬ 
nated by their side effects rather than their benefits. This is high¬ 
lighted by the fact that experts and guidelines commonly rec¬ 
ommend choosing antipsychotic medications based on side ef¬ 
fect profiles, which vary considerably, rather than efficacy, 
which is considered to be similar 1 ' 2 . For non-psychotic dis¬ 
orders and for off-label uses, for which the evidence of anti¬ 
psychotic benefits is often unclear, side effects are vitally im¬ 
portant, because the ratio of benefits to risks is lower and sig¬ 
nificantly influences the decision to use these medications. 

Risk-benefit assessments about whether to prescribe an 
antipsychotic medication for an individual should be made 
according to specific drugs (as opposed to "generation" or 
"class" of drug) and the specific situation (i.e., actual benefits 


and harms expected or experienced by an individual). Because 
the benefits of antipsychotics are sometimes obscured by the 
adverse effects and medical risks, understanding how such 
problems can be avoided and successfully managed is essen¬ 
tial to optimize the use of these important but sometimes con¬ 
troversial medications. 


RISKS AND SIDE EFFECTS OVERVIEW 

The adverse effects of antipsychotic medications range from 
relatively minor tolerability issues (e.g., mild sedation or dry 
mouth) to very unpleasant (e.g., constipation, akathisia, sexual 
dysfunction) to painful (e.g., acute dystonias) to disfiguring 
(e.g., weight gain, tardive dyskinesia) to life threatening (e.g., 
myocarditis, agranulocytosis). Some adverse effects have little 
short-term clinical implications (e.g., increased prolactin or 
serum lipid levels), but may involve long-term risk of medical 
complications. 

Each antipsychotic medication has a unique side effect pro¬ 
file, which affects individuals differentiy. Because the inci¬ 
dence of the side effects varies considerably across the large 
number of antipsychotic medications, we provide Table 1, 
which estimates the relative liability of commonly used drugs 
to cause specific adverse effects. The table demonstrates that 
the drugs’ profiles do not adhere closely to first- and second- 
generation classifications of antipsychotics. With the impor¬ 
tant exception of tardive dyskinesia, which is more common 
among patients treated with older (first-generation) medica¬ 
tions such as chlorpromazine and haloperidol, no adverse ef¬ 
fect is class-specific. Weight gain is not unique to newer drugs, 
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Table 1 Side effect profiles of selected antipsychotic drugs 
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AMI - amisulpride, ARI - aripiprazole, CPZ - chlorpromazine, CLO - clozapine, HAL - haloperidol, LUR - lurasidone, OLA - olanzapine, PAL - paliperidone, 
PER - perphenazine, QUE - quetiapine, RIS - risperidone, SER - sertindole, ZIP - ziprasidone, 0: none or equivocal, 0/+: minimal/rare, +: mild/sometimes occurs, + 
+: moderate/occurs frequently, +++: severe/occurs very often 


nor is it present in all of the newer medications. Similarly, 
akathisia and parkinsonism are common with older drugs and 
some newer drugs. Several adverse effects - seizures, neutro¬ 
penia, sialorrhea - are virtually unique to clozapine. 

Some population groups respond distinctively to antipsy- 
chotics. For example, children, adolescents and the elderly are 
more likely to experience certain adverse effects or experience 
them more severely. Youth are more susceptible to weight gain 
and sedation, while the elderly are more vulnerable to conse¬ 
quences of orthostatic hypotension (falls) and anticholinergic 
effects (cognitive impairment). In addition, individuals vary 
considerably in their risk of side effects and how these effects 
are experienced. 

PRINCIPLES FOR ANTIPSYCHOTIC PRESCRIBING 

Before discussing the management of specific adverse ef¬ 
fects, we propose some general principles for optimal pre¬ 
scribing of antipsychotic medications. First, only prescribe 
antipsychotics when a clear benefit can be expected and there 
is no safer or feasible alternative. Second, choose an anti¬ 
psychotic based on the clinical situation and preferences of 
the patient (e.g., avoid medications that cause orthostatic 
hypotension in the elderly; avoid medications associated with 
substantial weight gain in patients who prioritize weight con¬ 
trol; avoid QTc-prolonging drugs in patients with a history of 
heart disease, arrhythmia or syncope). Third, use the lowest 
effective dose of antipsychotic medication, which must be de¬ 
termined empirically for each individual. Fourth, discontinue 


the antipsychotic if there is no benefit. Often there is at least 
some benefit, signaling the need for an individualized risk- 
benefit assessment if there are side effects. Finally, monitor for 
known side effects regularly (see Table 2). The rest of this 
paper addresses what to do when adverse effects occur. 

GENERAL STRATEGIES FOR MANAGING THE 
ADVERSE EFFECTS OF ANTIPSYCHOTICS 

Antipsychotics that are not beneficial or are not required 
should be discontinued. The main strategies for managing ad¬ 
verse effects are as follows: 

Lower the dose. This is relevant when the antipsychotic has 
provided benefit, and the adverse effect is dose-related and 
not medically urgent. Using the lowest dose that is effective at 
achieving treatment goals is widely recommended and re¬ 
duces dose-related effects such as parkinsonism, sedation, hy¬ 
perprolactinemia, orthostatic hypotension, and anticholiner¬ 
gic effects. In practice, finding the optimal, lowest effective 
dose is an individualized, empirical process that must balance 
the desires for maximal efficacy and minimal adverse effects 3 . 

Switch to an antipsychotic with a different adverse effect pro¬ 
file. Switching to a medication not likely to cause the problem¬ 
atic effect is a common strategy proven effective for at least 
some adverse effects, for example to address dyslipidemias or 
reduce weight 4,5 . Variability among antipsychotic medications 
in the risk for akathisia, parkinsonism and hyperprolactinemia 
makes switching an attractive approach to these problems, 
and evidence from observational and randomized trials sup- 
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Table 2 Suggested monitoring schedule for individuals taking antipsychotic medications 



Baseline 

Each visit During titration 

At 3 months Quarterly 

Every 6 months 

Annually 

Weight 

X 

X 

X 



Tardive dyskinesia (Abnormal Involuntary 
Movement Scale) 

X 

X 


X 


Parkinsonism, akathisia 

X 

X 



X 

Glucose metabolism (fasting blood sugar, HbAlC) 

X 


X 


X 

Lipid metabolism (fasting lipids) 

X 


X 


X 

Blood pressure and pulse 

X 

X 

X 


X 

Sexual/reproductive function 

X 

X 



X 

Sedation 

X 

X 




ECG (based on history and symptoms) 

X 






Prolactin If symptoms of hyperprolactinemia develop 


If taking clozapine, monitor for neutropenia, myocarditis and sialorrhea; if taking aripiprazole, cariprazine or brexpiprazole, monitor for impulse control disorders/be¬ 
havioral addictions 


ports this 4 ' 5 . Switching is ideally done gradually rather than 
abrupdy, to avoid symptom exacerbation and other rebound 
phenomena. A cross-titration completed within two to four 
weeks was adequate in one randomized controlled trial 5 . A 
risk when switching from an antipsychotic that has been ef¬ 
fective is that the new medication may not be as efficacious; 
therefore patients undergoing switches should be monitored 
carefully for symptom exacerbations. Unless an individual has 
only responded to clozapine, switching antipsychotics is a pre¬ 
ferred approach to deal with adverse effects that cannot be ad¬ 
dressed with dosage adjustments. 

Use a non-pharmacologic intervention. Non-pharmacologic 
interventions to reduce adverse effects are appealing but gen¬ 
erally unavailable. Diet and exercise programs are modesdy ef¬ 
fective in addressing weight gain and related lipid abnormal¬ 
ities 6 . 

Treat with a concomitant medication. Using medications to 
manage antipsychotic side effects is a common but often sub- 
optimal approach, because the beneficial effects of concomi¬ 
tant medications are often modest, they also may have adverse 
effects, and drug interactions may occur. For example, anti¬ 
cholinergic medications used to treat parkinsonism are associ¬ 
ated with cognitive impairment and constipation. Further, few 
concomitant medication approaches are supported by evi¬ 
dence from randomized controlled trials. 

In the following section, we describe common antipsycho¬ 
tic adverse effects and approaches to their prevention and 
management (see also Table 3). We focus on the most com¬ 
mon and consequential adverse effects rather than the many 
possible but relatively rare effects. Our emphasis is on evi¬ 
dence-based management strategies, but in many instances 
the evidence is based on common sense and case reports ra¬ 
ther than randomized controlled trials. 


SPECIFIC ADVERSE EFFECTS 
Neurologic side effects 

Neurologic side effects known as extrapyramidal symptoms 
are prominent with antipsychotic medications, and the risk 
varies considerably among the individual antipsychotics, with 
high-potency drugs such as haloperidol carrying the greatest 
risk (Table 1). Principal manifestations include dystonias, aka- 
thisia and parkinsonism; tardive syndromes are discussed sep¬ 
arately below. Dystonias are involuntary contractions of antag¬ 
onistic muscle groups, leading to twisting, sustained and re¬ 
petitive motions or abnormal postures, most commonly in the 
head, face and neck. These can be painful and highly distress¬ 
ing. Akathisia refers to a feeling of restlessness and tension that 
usually (but not always) compels the sufferer to near-constant 
motion, inducing dysphoria and even suicidality 7 . Parkinson¬ 
ism includes a number of drug-induced symptoms resembling 
Parkinson’s disease, such as bradykinesia, rigidity and tremor. 

Dystonias typically occur within hours to days of antipsy¬ 
chotic administration or dose increase, almost always within 
the first five days 8 . Prevalence varies widely based on specific 
medication and risk factors 9 . A history of extrapyramidal side 
effects is the most significant risk factor, with a relative risk of 
about six 10 . Young age and male sex are also clear risk fac¬ 
tors 10 " 12 . The two most concerning presentations are laryngo- 
spasm, which is rare but life-threatening 13 , and oculogyric cri¬ 
sis, a highly painful and distressing tonic deviation of the eyes 
that can become recurrent or chronic 14 . 

Because dystonias are painful and highly distressing, pre¬ 
vention is the best management strategy. The mainstay of 
prophylaxis for dystonias is anticholinergic medication. Benz- 
tropine prophylaxis is effective for high-potency antipsycho- 
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Table 3 Common antipsychotic adverse effects and management strategies 


Adverse effects 

First choice 

Second choice 

Third choice 

Others/Comments 

Dystonias 

Anticholinergic medication 

Antihistaminic medication 

Benzodiazepine 


Parkinsonism (tremor, rigidity, 
bradykinesia) 

Lower dose 

Change to antipsychotic with 
lower risk 

Concomitant use of 
anticholinergic agent 


Akathisia 

Lower dose 

Change antipsychotic 

Concomitant use of 
beta-blocker 

Anticholinergics and 
benzodiazepines 

Tardive dyskinesia 

Lower dose 

Valbenazine or 
deutetrabenazine 

Gingko biloba or clonazepam 


Sialorrhea 

Conservative approaches such 
as sugarless gum during day, 
towel over pillow at night 

Anticholinergic drops 
(ipratropium or atropine) 
topically/sublingually 



Sedation 

Dose at night before sleep 

Lower dose 

Change to less sedating 
antipsychotic 

Stimulants have unclear 
benefit 

Prolactin elevation, sexual side 
effects 

Dose reduction 

Change to a prolactin-sparing 
antipsychotic 

Add aripiprazole 

Phosphodiesterase 
inhibitors for sexual 
dysfunction 

Orthostatic hypotension 

Adjust dose or dosing schedule 

Behavioral changes including 
adequate hydration 

Change antipsychotic 

Concomitant 

medication strategies 
are limited 

QT prolongation 

Change antipsychotic 



Avoid other QT- 
prolonging agents 

Neuroleptic malignant 
syndrome 

Discontinue antipsychotic 

Supportive measures including 
IV hydration and cooling 

Dantrolene and bromocriptine 


Neutropenia/agranulocytosis 

Discontinue clozapine or other 
causative agent 

Colony-stimulating factors 
(e.g., filgastram) 



Impulse control disorders/ 
behavioral addictions 

Change antipsychotic 




Myocarditis 

Discontinue clozapine or other 
causative agent 




Weight gain, dyslipidemia 

Behavioral modification (diet, 
exercise) 

Change antipsychotic 

Metformin 


Anticholinergic effects (dry 
mouth, blurry vision, 
tachycardia, constipation) 

Lower dose 

Change antipsychotic 

Treat symptoms, e.g., 

constipation with osmotic 
agents, stimulant laxatives; 
tachycardia with 
beta-blocker 

Limit other 
anticholinergic 
agents 


tics 15 " 18 , but may be ineffective for low-potency medications 19 . 
There is not yet consensus on when prophylaxis is indicated, 
but clinical judgment of relative risk of dystonias versus risk of 
anticholinergic side effects and polypharmacy suggests many 
cases in which prophylaxis is clearly indicated (e.g., a young 
male starting a high-potency antipsychotic). Prophylaxis should 
always be used if a patient is getting a first dose of a high-po¬ 
tency antipsychotic, such as haloperidol, by injection. Once a 
patient is on a stable dose of antipsychotic and anticholinergic, 
gradual withdrawal of the anticholinergic may be possible 20 , 
though a quarter of patients may require reinstatement 21 . For 
patients who have dystonias on a high-potency antipsychotic, 
switching to a lower potency antipsychotic may reduce the risk 
of dystonias as well as parkinsonism 22 . 

In acute dystonic reactions requiring urgent treatment, in¬ 
tramuscular anticholinergics (e.g., biperiden 5 mg) or antihis- 


taminics (e.g., diphenhydramine 50 mg) are indicated 9 . Mul¬ 
tiple doses may be required for initial response, and are usual¬ 
ly needed for 1-2 days to maintain response until the causative 
antipsychotic is cleared. Benzodiazepines are also thought to 
be effective in treating dystonias 23,24 . 

Parkinsonism typically presents insidiously over days to 
months 8 . In contrast to dystonias, risk of parkinsonism is great¬ 
er in women and older patients 25 . Additional risk factors in¬ 
clude pre-existing rigidity 26 and AIDS 27,28 . Treatment of psycho¬ 
sis in patients with Parkinson’s disease is complex, and reviewed 
elsewhere 29 " 31 . 

In the treatment of antipsychotic-induced parkinsonism, re¬ 
ducing dose should be a first consideration 32 ; switching from 
an antipsychotic with high risk to one of low risk can also be an 
effective strategy 33 . Concomitant medications are a third com¬ 
mon approach that is useful if switching antipsychotics is not 
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desirable. Anticholinergic medications are useful in the treat¬ 
ment of parkinsonism, but this has not been thoroughly stud- 
ied 34,3S ; the risks of anticholinergic agents are greater in the 
elderly (who are more likely to be affected by parkinsonism). 
Benztropine, which is in common use, and ethopropazine, 
which may not be widely available, are anticholinergic med¬ 
ications known to be effective for parkinsonism 36,37 . Amanta¬ 
dine at 100-400 mg daily also has good support in the litera¬ 
ture 36 ' 38 " 40 , and may be particularly helpful in elderly patients 
who need to avoid anticholinergic effects 32 . 

Akathisia typically develops gradually over days to weeks of 
treatment, though it can present more acutely 41 . There is not 
strong evidence for risk factors, other than current antipsycho¬ 
tic dose and rate of dose increment 42,43 . Akathisia occurs with 
many antipsychotics, with high-potency agents and aripipra- 
zole being particularly prone to this side effect, while clozapine, 
olanzapine and quetiapine are low-risk 44,45 . 

Centrally-acting beta-adrenergic antagonists, primarily pro¬ 
pranolol, have long been used as first-line therapy for akathisia 
with moderate efficacy 45,46 , supported by multiple small pla¬ 
cebo-controlled trials 47 " 50 . Orthostatic hypotension and brady¬ 
cardia are significant drawbacks to beta-blockers. Anticholin¬ 
ergics such as benztropine have also been used clinically for 
akathisia, but their usefulness has not been demonstrated in a 
systematic way 51 . Anticholinergics may work best for akathisia 
when it co-occurs with parkinsonism 52 . 

Serotonergic treatments have gathered increasing attention 
for treatment of akathisia. The antidepressant mirtazapine at 
15 mg/day has shown propranolol equivalency in several trials 
and seems to be well tolerated in the short term 43,50,51 , though 
its potential to cause weight gain is a particular consideration 
among those receiving antipsychotics. The specific 5-HT2A/C 
antagonists mianserin and ritanserin have also shown efficacy 
in small open-label studies 52 " 58 . Zolmitriptan (a 5-HT1B/1D 
agonist) and cyproheptadine (which has 5-HT2 antagonism in 
addition to anticholinergic and antihistaminergic properties) 
were both found to be as effective as propranolol in small ran¬ 
domized trials 59,60 . 

Benzodiazepines are also commonly used to treat akathisia. 
In severe, acute cases, intravenous diazepam has produced 
rapid resolution of symptoms 61 . Clonazepam and lorazepam 
have shown utility in several small trials 62 " 64 , with at least 
some evidence of a dose-response relationship. Further stud¬ 
ies, particularly long-term trials given the tolerance that devel¬ 
ops to these medications, are required 65 . A possible associ¬ 
ation of benzodiazepines with increased mortality rates in 
schizophrenia dampens enthusiasm for this approach 66 . 

Several other approaches to akathisia have been explored, 
but have very limited empirical support. High dose vitamin 
B6 (600 mg/day) was shown to provide subjective improve¬ 
ment in a small blinded trial 67 , but this dose risks peripheral 
neuropathy in long-term treatment 68 . Clonidine has shown 
similar efficacy to beta-blockers, but with poorer tolerabil¬ 
ity 52 . Diphenhydramine has produced mixed results in small 


trials of akathisia induced by metoclopramide and prochlor¬ 
perazine 69 " 71 . 

Tardive syndromes 

Tardive dyskinesia is one of the most dreaded complica¬ 
tions of antipsychotic treatment, though it may also occur with 
other medication classes 72 . It typically develops after months 
or years of exposure, and is characterized by involuntary athe- 
toid or choreiform movements of the lower face, extremities 
and/or trunk muscles. Most commonly, these present as gri¬ 
macing, lip-smacking/puckering, tongue movements, and ex¬ 
cessive blinking. Most distressingly, symptoms persist long 
after the offending medication is discontinued, and may be 
permanent in some cases (dyskinesia lasting less than a month 
after withdrawal is considered a separate clinical entity, with¬ 
drawal dyskinesia). Other tardive manifestations may include 
akathisia, stereotypies, dystonias, parkinsonism, tremor, myo¬ 
clonus, and tourettism 73 . 

Estimates of prevalence have varied, but a large systematic 
review of nearly 40,000 patients published in 1992 suggested 
that about 24% of those treated with antipsychotics had tar¬ 
dive dyskinesia 74 ; the prevalence is thought to have declined 
since then due to the use of newer medications and more 
moderate dosing. Risk factors for the syndrome include early 
presence of extrapyramidal symptoms 75 , and possibly African 
ethnicity and older age 72,74,76 . Female sex may also increase 
the risk 72,74 , though there is conflicting evidence 76 " 78 . The 
early presence of extrapyramidal symptoms is a particularly 
useful risk factor, potentially allowing clinicians to reduce 
dose or switch antipsychotic before tardive dyskinesia is in¬ 
duced. There is an association of anticholinergic medication 
use with tardive dyskinesia which remains unexplained' 7 ; per¬ 
haps the presence of extrapyramidal symptoms explains this 
correlation. 

Many studies have attempted to characterize genetic risk 
factors for tardive dyskinesia. In general, there have as yet been 
no findings conclusive enough, and with sufficient effect size, 
to warrant screening. Variations in catechol-O-methyltransfer- 
ase 79,80 , brain-derived neurotrophic factor (BDNF) 81 , dopa¬ 
mine receptor 2 82 , and manganese superoxide dismutase 79 
genes have modest evidence for increasing risk. There is also 
mounting evidence that polymorphisms in genes involved in 
GABA and serotonergic signaling may confer risk 83 " 85 . It seems 
likely that, with continued effort, a clinically useful genetic 
screening test for tardive dyskinesia risk might be developed in 
the near future 83 . 

Newer (second-generation) antipsychotics are less likely to 
cause tardive dyskinesia 85 , with annual incidence estimated at 
3.9% (vs. 5.5% for first-generation drugs) in a review of twelve 
trials 86 . This differential of risk may be more pronounced in 
the elderly 87,88 . In a patient who has developed tardive dyskine¬ 
sia on a first-generation antipsychotic, common clinical prac- 
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tice is to switch to a second-generation drug, but the empirical 
evidence to support this is weak; this has only been studied in 
small trials of risperidone and olanzapine 89 " 91 . Dosage reduc¬ 
tion is also commonly recommended to prevent worsening of 
tardive dyskinesia, but again there is little evidence for this 
practice 92 . 

Many pharmaceutical strategies for tardive dyskinesia have 
been explored. Inhibitors of vesicular monoamine transporter 
2 (VMAT2) are most notable: valbenazine was recently ap¬ 
proved by the US Food and Drug Administration (FDA) 93 . The 
closely related medication tetrabenazine, approved for Hun- 
tington’s disease but used off-label for a variety of hyperkinetic 
movement disorders, has also shown utility in treating tardive 
dyskinesia 94,95 . It is unclear to what extent these drugs differ in 
safety or efficacy 96 . Deutetrabenazine, an isotopic isomer of 
tetrabenazine, was also recently approved by the FDA as a 
treatment for tardive dyskinesia 97 . The impact of these new 
treatments is currently uncertain. 

Most GABA agonists tested - including valproate, baclofen, 
progabide and tetrahydroisoxazolopyridine - have not shown 
any compelling benefit, and may worsen mental state 98 , ffow- 
ever, clonazepam demonstrated moderate efficacy in one of 
the few double-blind randomized clinical trials for tardive dys¬ 
kinesia 99 ; tolerance developed to its antidyskinetic effect, but 
this could be restored by brief washout. Also of note, efficacy 
was more marked in those with primarily dystonic symptoms, 
as opposed to choreoathetoid dyskinesia. 

A single fairly large randomized controlled trial found evi¬ 
dence that ginkgo biloba extract improved tardive dyskinesia 
symptoms and was well-tolerated 100 . This effect is possibly me¬ 
diated by increases in BDNF 101 . Other supplement-based strat¬ 
egies include vitamin B6 (pyridoxal 5’-phosphate), with a re¬ 
cent meta-analysis providing weak but supportive evidence 102 . 
There is also weak evidence that vitamin E may protect against 
worsening of tardive dyskinesia, but this finding also requires 
further study 103 . 

A number of potential tardive dyskinesia treatments have 
very limited or conflicting evidence bases, including calcium 
channel blockers, other VMAT inhibitors such as reserpine, 
cholinergic and anticholinergic drugs, amantadine, and leve- 
tiracetam 104 " 106 . 

As a final resort, there is growing evidence that brain stimu¬ 
lation and surgical approaches may provide sustained relief of 
severe tardive dyskinesia, with particularly promising data for 
stimulation of the globus pallidus 107 " 109 . There have also been 
some case reports suggesting potential benefits of lesioning 
surgeries of the globus pallidus or thalamus 110 . 

Overall, a variety of treatment options exist for tardive dys¬ 
kinesia but, with the exception of valbenazine and deutetrabe¬ 
nazine, none has met a level of clinical efficacy and safety suffi¬ 
cient to be approved by regulators. Prior to their development, 
the evidence-based guidelines of the American Academy of 
Neurology reported the strongest ("moderate”) evidence of ef¬ 
ficacy for clonazepam and ginkgo biloba 104 . 


Sialorrhea 

Sialorrhea, the excessive production of saliva, is a side effect 
most commonly observed in patients treated with clozapine 
(possibly more than 90% of patients) 111 , but can occur with 
other antipsychotics as well. It is believed to be related to ac¬ 
tions on muscarinic and adrenergic receptors in the salivary 
glands 112,113 . It is often uncomfortable, embarrassing and stig¬ 
matizing, and can even result in aspiration pneumonia 114,115 . In 
some cases, painful swelling of the parotid can co-occur 116,117 . 

As with many antipsychotic side effects, using the lowest 
necessary dose and observing a gradual titration schedule are 
thought to minimize development of sialorrhea 118 . A number 
of treatments have been explored, principally antimuscarinic 
and alpha-adrenergic agents. Studies have focused almost ex¬ 
clusively on clozapine-induced sialorrhea 119 , so the generaliz- 
ability of findings to other antipsychotics is an open question. 

Topical therapy with anticholinergics, typically by adminis¬ 
tering an ophthalmic or inhaler preparation sublingually, has 
been shown to improve symptoms. Atropine appears effective, 
though the short half-life limits its utility overnight 120 " 122 . 
Ipratropium has also shown good effect in several case studies 
122-124, t j 10U gj 1 a randomized controlled trial did not detect ef¬ 
ficacy 125 . 

Among systemic antimuscarinic agents, there is evidence 
for efficacy of benztropine 21,126 , trihexylphenidyl 12 ', glycopyr- 
rolate 128 , and pirenzepine 129,130 . Amitriptyline has also been 
tried in a small case series with promising results 131 . Flowever, 
systemic antimuscarinic drugs present their own risks (confu¬ 
sion, blurred vision, constipation), which may be additive to 
clozapine’s own anticholinergic effects. 

Adrenergic agents also appear useful in antipsychotic-in¬ 
duced sialorrhea, though the mechanism is not clear. Cloni- 
dine has shown encouraging results in individual cases 132,133 . 
Another alpha-2 agonist, guanfacine, was effective in a single 
case 134 . The alpha-1 antagonist terazosin showed significant 
promise in a small trial 126 , but has not subsequently been stud¬ 
ied. Though these studies have not reported major side effects, 
the potential for worsening antipsychotic-induced orthostatic 
hypotension must be considered. 

Several other pharmacologic strategies have been explored. 
The antipsychotics sulpiride and amisulpride have shown 
promising results in several small trials 135 " 137 , as has the mono¬ 
amine oxidase inhibitor moclobemide 136,138 . Finally, botulinum 
toxin injection has been shown to substantially improve anti¬ 
psychotic-induced sialorrhea for 8-16 weeks 139,140 . 

If conservative, non-pharmacologic approaches are inef¬ 
fective, we suggest that topical treatment with ipratropium or 
atropine be the initial approach to antipsychotic-induced sia¬ 
lorrhea, given the relative safety and tolerability. If these agents 
are ineffective, systemic medication can be used, selecting 
from the above-mentioned agents based on the patient’s clin¬ 
ical picture (e.g., using clonidine in a patient with hyperten¬ 
sion, benztropine in one with other extrapyramidal symptoms, 
amisulpride in one with resistant psychotic symptoms). 
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Sedation 

All antipsychotic medications have been observed to cause 
sedation, but the severity and frequency vary widely among 
agents 141 . Sedation may be a causative factor in the increased 
risk for venous thromboembolism in patients treated with 
antipsychotics 142 . 

Although it is a common side effect and a frequently cited 
reason for medication non-adherence, the management of 
sedation has not been widely studied. Shifting dosing to night¬ 
time, and reducing total daily dose, are the initially recom¬ 
mended approaches 143 , followed by transitioning to a less sed¬ 
ating antipsychotic. Additionally, other sedating medications 
should be discontinued or changed when possible. The use of 
caffeine is also common, though it has not been systematically 
studied. 

Stimulants and modafinil may improve cognitive and nega¬ 
tive symptoms in schizophrenia 144 , but relatively litde research 
has focused on their potential utility in antipsychotic-induced 
sedation. In two cases, methylphenidate was reportedly useful 
and safe in treating patients with severe and unremitting sed¬ 
ation due to clozapine 145 . A small double-blind crossover study 
of methylphenidate did not specifically address antipsychotic- 
related sedation, but failed to find any benefit on a variety of 
clinical measures 146 . Moreover, methylphenidate has also been 
shown to worsen disorganization in patients with schizophre¬ 
nia 147 . Likewise, despite case reports suggesting that modafinil 
may treat sedation 148 , a systematic review of the literature 
found little or no evidence to support this 149 , and a random¬ 
ized controlled trial also found no significant effect 150 . A con¬ 
cern is that these medications may lead to worsening of move¬ 
ment disorders 151,152 . 


Prolactin, sexual function, and bone mineral density 

Many antipsychotics can increase the release of prolactin, 
which can lead to a number of acute side effects: sexual dys¬ 
function, anovulation, inappropriate lactation (galactorrhea), 
and gynecomastia. Antipsychotics can be imperfectly divided 
into prolactin-inducing and prolactin-sparing groups. The for¬ 
mer include all first-generation antipsychotics, risperidone, 
paliperidone and amisulpride; the latter include clozapine, 
quetiapine, ziprasidone and aripiprazole 153 . Long-term hyper¬ 
prolactinemia is also associated with decreased bone mineral 
density and osteoporosis 154 . 

Sexual dysfunction - including reduced libido, anorgasmia 
and erectile dysfunction - is common in patients taking anti¬ 
psychotics 155 ' 156 and must be monitored by prescribers. One 
measure to use is the Antipsychotics and Sexual Function 
Questionnaire 157 . Assessment of a patient with sexual dys¬ 
function should include obtaining prolactin levels, reviewing 
other medications that may contribute, and ruling out poten¬ 
tial comorbid causes 158 . Treatment strategies are largely dose 
reduction or switching to a prolactin-sparing antipsychotic 


(though sexual dysfunction is also common with clozapine 
and olanzapine) 159 . Evidence for specific symptom treatments 
(other than phosphodiesterase inhibitors for erectile dysfunc¬ 
tion) is lacking 160 . 

Multiple studies have also identified an increased rate of os¬ 
teopenia and osteoporosis in patients with schizophrenia 161,162 ; 
however, multiple factors beyond antipsychotic use may con¬ 
tribute, including smoking, alcohol use, sedentary lifestyle, and 
poor nutrition 153 . Studies have shown that reduced bone min¬ 
eral density and increased rate of hip fractures are associated 
with prolactin-inducing antipsychotics 163,164 . There has also 
been concern that elevated prolactin levels may be partly re¬ 
sponsible for the observed increase in breast cancer rate among 
women with schizophrenia 165 , though evidence is far from 
conclusive, due to multiple associated lifestyle and metabolic 
factors 166 . 

There is not yet a consensus on the appropriate monitoring 
for and management of hyperprolactinemia in people treated 
with antipsychotics 167 " 169 . In general, patients should be asked 
about baseline sexual dysfunction, menstrual irregularity and 
galactorrhea prior to initiation of antipsychotics. There is not a 
consensus on obtaining baseline prolactin levels. A conserva¬ 
tive approach is to ask patients periodically about symptoms 
of hyperprolactinemia and to check the prolactin level in any 
patient developing symptoms. Another rational approach is to 
obtain a prolactin level at baseline and then approximately 
three months after starting an antipsychotic, as prolactin levels 
will have peaked by then 167 . 

Several specific populations are thought to be at particularly 
high risk for morbidity due to hyperprolactinemia and, if clin¬ 
ically feasible, should be placed on antipsychotics with min¬ 
imal risk of raising prolactin levels 169 . First, in patients with es¬ 
tablished osteopenia or osteoporosis, a prolactin-sparing anti¬ 
psychotic is obviously preferable. This may also apply to pa¬ 
tients under the age of 25 who have not yet achieved peak 
bone mass, particularly women, who may be at increased risk 
for later osteoporosis 170 . Second, in female patients intending 
to become pregnant, a prolactin-sparing antipsychotic will be 
less likely to interfere with reproductive function. Third, and 
quite speculatively, in patients with a history of, or otherwise 
at elevated risk for breast cancer, there may be a greater dan¬ 
ger of cancer or recurrence if treated with prolactin-elevating 
drugs 171 . 

Development of hyperprolactinemia in a patient on anti¬ 
psychotics often presents a dilemma to the treating psychi¬ 
atrist regarding further workup. If a baseline prolactin was ob¬ 
tained, and the elevation in prolactin appears clearly related 
to the antipsychotic, further workup is likely not necessary. 
More concerning signs include symptoms of pituitary disease 
(headaches, visual changes) and prolactin levels more than 
four times the upper limit of normal (>150 ng/mL), in which 
case evaluation by an endocrinologist and imaging (preferably 
magnetic resonance imaging) is warranted 167,169 . In cases of 
uncertainty (and where the risk of destabilizing the patient is 
low), a prolactin level assessment may be made after 3-4 days 
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off antipsychotics; a significant reduction in prolactin is re¬ 
assuring that there is not an underlying pathology. 

In cases of confirmed antipsychotic-induced hyperprolacti¬ 
nemia that are symptomatic, management is dose reduction 
or switch to a prolactin-sparing antipsychotic. If the clinical 
risk of dose reduction or switch is felt to be too high, an alter¬ 
native strategy is to augment with aripiprazole, which has 
been shown to reduce prolactin levels in patients treated with 
risperidone 172 . A more experimental strategy is the use of 
dopamine agonists such as bromocriptine or cabergoline, 
which have been found to decrease prolactin and improve sex¬ 
ual function, though these may lead to worsening of psychotic 
symptoms 173 ' 174 . 

An important but unanswered question is the role of bone 
density screening in patients on antipsychotics. The US Pre¬ 
ventative Services TaskForce recommends screening all women 
at age 65, while the US-based National Osteoporosis Foundation 
also recommends screening men over 70, as well as menopausal 
women with risk factors. Because individuals with schizophre¬ 
nia often have multiple risk factors beyond antipsychotic use 
(e.g., smoking, obesity, diabetes), more aggressive screening is 
warranted than for the general population. 

Orthostatic hypotension 

All antipsychotics carry some risk of orthostatic hypotension, 
defined as a >20 mmHg drop in systolic or a >10 mmHg drop 
in diastolic blood pressure within three minutes of standing. 
Orthostatic hypotension can lead to dizziness, syncope, falls, 
and worsening of angina, and it should be evaluated by both 
history and measurement. Risk factors include systemic dis¬ 
eases causing autonomic instability (e.g., diabetes, alcohol de¬ 
pendence, Parkinson's disease), dehydration, drug-drug inter¬ 
actions, and age 175 . Chlorpromazine, sertindole, clozapine and 
quetiapine appear to have the greatest risk 176,1 ' 7 , and data sug¬ 
gest iloperidone is also high-risk 178 . Blockade of alpha-1 adre¬ 
noceptors and anticholinergic effects are believed to be the 
mechanism 179 . 

Switching to an antipsychotic that is rarely associated with 
orthostatic hypotension is a preferred management approach. 
Prevention of orthostatic hypotension relies on antipsychotic 
choice, gradual titration, and dosing distributed throughout 
the day (in order to minimize peak levels) 175 . Ample consump¬ 
tion of water and increased salt intake (supplementing 1-2 g/ 
day), if not contraindicated, can reduce symptomatic hypoten¬ 
sion 180 . Abdominal binders and leg compression stockings 
can reduce venous pooling and improve symptoms 181 . 

Pharmacologic treatment may be required in rare cases. 
Caffeine consumption may have a beneficial, mild pressor ef¬ 
fect 180 . Fludrocortisone is widely used for treating orthostatic 
hypotension, and has been administered successfully in cloza¬ 
pine-associated orthostatic hypotension 182 ; deleterious effects 
on blood sugar and electrolytes are a significant drawback, 
particularly in patients who already have metabolic side ef¬ 


fects 175 . The alpha-1 agonist midodrine may also be con¬ 
sidered 175 ’ 183 , but has been linked to acute dystonias when 
combined with antipsychotics 184,185 . 

Sudden cardiac death and QT prolongation 

Antipsychotics are associated with a 1.5 to 4-fold increase in 
risk of sudden cardiac death 186 " 189 . Risk factors include use of 
high dose or rapid administration, thioridazine or butyrophe- 
none antipsychotics, and pre-existing hypertension or ische¬ 
mic heart disease 188,190,191 . There are conflicting data for an 
association with age 188,192 . There is no evidence that second- 
generation antipsychotics are safer than first-generation drugs 
as a class 187 . 

The leading proposed mechanism is blockade of repolariz¬ 
ing potassium currents and prolongation of the QT interval, 
which are thought to lead to ventricular arrhythmias. Measure¬ 
ment of QT provides limited guidance in terms of risk; never¬ 
theless, QTc >500 ms or an increase of 60 ms above baseline is 
regarded as a clear concern 193 . It is critical for the practitioner 
to consider all medications the patient is taking, as a diverse 
set of drugs cause QT prolongation 194 . A number of risk factors 
can make a modest QT prolongation dangerous, including 
bradycardia, hypokalemia, hypomagnesemia, congestive heart 
failure, atrial fibrillation, female gender, ion channel poly¬ 
morphisms 194 , and cocaine and chronic alcohol use 193 . 

Some experts argue that an electrocardiogram (ECG) should 
be obtained prior to, and shordy after, starting antipsychotic 
medications as a matter of course 195 . To support this view, they 
cite the significantly higher absolute risk of sudden cardiac 
death than clozapine-induced agranulocytosis, for which an 
extensive monitoring system is in place. Others recommend 
monitoring only with certain antipsychotics or when other risk 
factors are present 196 . The American Psychiatric Association's 
latest guidance recommends thorough physical exam and la¬ 
boratory screening, with ECG indicated when thioridazine, zi- 
prasidone, pimozide or mesoridazine are prescribed; family 
history of sudden cardiac death or long-QT syndrome are pre¬ 
sent; there is a personal history of syncope or known heart dis¬ 
ease; or electrolyte abnormalities are present 197 . The UK Na¬ 
tional Health Service includes haloperidol, sertindole and pi¬ 
mozide as "high-risk" and requiring routine ECG, and recom¬ 
mends ECG if risk factors are present with “moderate-risk” 
drugs, including chlorpromazine, amisulpride, lurasidone, 
quetiapine, zotepine, promazine and melperone 198 . Patients 
who take more than one QT-prolonging drug warrant careful 
screening and monitoring. 

Neuroleptic malignant syndrome 

Neuroleptic malignant syndrome is one of the most danger¬ 
ous adverse effects of antipsychotics. Hallmarks of the syn¬ 
drome are fever, autonomic instability, rigidity and altered 
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mental status, associated with leukocytosis and elevated crea¬ 
tine phosphokinase. Mortality has been estimated at about 
5% 199 . Neuroleptic malignant syndrome related to second- 
generation antipsychotics, particularly clozapine, may be less 
likely to present with signs of parkinsonism 200,201 . Incidence 
estimates vary widely, with the largest recent studies reporting 
rates of 0.02 to 0.04% 199,202 ’ 203 . The most important risk factor 
is a prior history of the syndrome. Pharmacologic risk factors in¬ 
clude antipsychotic polypharmacy, high-potency antipsycho¬ 
tics, parenteral administration, rapid dose escalation, aripipra- 
zole, lithium and benzodiazepine use 199,202,203 . Multiple medi¬ 
cal comorbidities, heat exposure, dehydration, and the use of 
restraints are also associated with the syndrome 196,202 " 208 . 

Neuroleptic malignant syndrome is a medical emergency, 
often requiring intensive care. Evidence is from case reports 
rather than randomized clinical trials. For the psychiatrist, first 
steps are immediate withdrawal of all antipsychotics and re¬ 
lated drugs (e.g., metoclopramide), cooling measures, and 
transfer to higher level of care 203 . Aggressive intravenous hy¬ 
dration and correction of electrolyte abnormalities are essen¬ 
tial. Benzodiazepines may be helpful in treating the syndrome, 
and are preferable to physical restraint in agitated patients 200 . 
The skeletal muscle relaxant dantrolene and the D2-agonist 
bromocriptine are among first-line medications for moderate 
or severe neuroleptic malignant syndrome 199 . Electroconvul¬ 
sive therapy has been successfully used in treatment-refrac¬ 
tory cases 209 . 

Rechallenging a patient who has recovered from neurolep¬ 
tic malignant syndrome with an antipsychotic is a clinical di¬ 
lemma. The likelihood of recurrence is not well known, but 
likely in the range of 10-40% 210 " 212 . Longer delay from reso¬ 
lution of the syndrome to rechallenge is associated with re¬ 
duced risk of recurrence 209 . In some cases, it may be necessary 
to treat a patient with electroconvulsive therapy to maintain 
symptom control for an extended period prior to rechal¬ 
lenge 213 . When reintroduction of an antipsychotic is neces¬ 
sary, it is prudent to select a drug with lower D2 potency 
(e.g., quetiapine or clozapine), pursue very gradual dose titra¬ 
tion, and monitor closely. 

Neutropenia/agranulocytosis 

Neutropenia, the presence of too few infection-fighting neu¬ 
trophils in the blood, and its extreme form, agranulocytosis, 
are most commonly associated with clozapine. These condi¬ 
tions and related increased susceptibility to infection are sig¬ 
nificant enough to warrant monitoring of granulocyte counts 
throughout a course of clozapine treatment. Clozapine has 
been associated with agranulocytosis ever since 16 cases, in¬ 
cluding eight deaths, were reported soon after the drug was 
introduced in Finland in 1975 214 . While many subsequent 
cases of clozapine-associated agranulocytosis have been re¬ 
ported 215 , rare case reports with phenothiazines, including 
chlorpromazine, began appearing in the 1950s 216 ' 218 . Case re¬ 


ports also implicate olanzapine 219 and risperidone 220 . About 
3% of clozapine-treated patients will develop neutropenia; 
about 1% will develop agranulocytosis 221 . The risk for other 
antipsychotics is thought to be far lower. 

The most important management strategy for neutropenia 
or agranulocytosis is early detection, which will prevent op¬ 
portunistic infections. Because the period of highest risk is 
during the first months of treatment 215 , neutrophil counts are 
measured more frequently in those months (weekly for 6 
months in the US), then fortnightly for the remainder of the 
first year, and then monthly for the duration of treatment. 

If neutropenia occurs, guidelines specify more frequent 
monitoring and when to interrupt treatment. For patients with 
stable but marginally adequate neutrophil counts, some clini¬ 
cians use lithium to raise granulocyte counts above threshold 
levels to avoid increased monitoring requirements 222,223 . The 
mechanism by which lithium increases granulocyte counts is 
unknown 224 . 

Pharmaceutical versions of granulocyte colony-stimulating 
factor, a glycoprotein that induces bone marrow to produce 
and release granulocytes, may be used to treat agranulocytosis 
acutely 225,226 . For patients who have responded only to cloza¬ 
pine, such drugs may have a longer-term role in preventing 
agranulocytosis. For example, filgastram can be used over ex¬ 
tended periods to maintain adequate neutrophil counts to 
avoid infections. Challenges for the use of filgastram include 
the need for parenteral administration and high cost. 

Dose reduction is not an effective approach to clozapine-as¬ 
sociated neutropenia 224 . Discontinuation of clozapine is the 
definitive solution to clozapine-induced neutropenia. This ap¬ 
proach generally requires switching to another antipsychotic. 
For those patients who only responded to clozapine, clozapine 
re-challenge after agranulocytosis has not been successful, but 
case reports describe successful re-introduction of clozapine 
after neutropenia using either lithium or filgastram to increase 
neutrophil counts 227 . 

Behavioral addictions/impulse control disorders 

Aripiprazole has been associated with the onset or exacerba¬ 
tion of impulse control disorders or behavioral addictions, in¬ 
cluding pathological gambling and compulsive eating, spend¬ 
ing, shopping and sexual behaviors 228,229 . Because the dopa¬ 
mine agonists used to treat Parkinson’s disease also cause im¬ 
pulse control disorders in a significant portion of patients, ari- 
piprazole’s partial dopamine agonist effect is presumed to be 
the mechanism 230 ' 232 . Therefore, it is likely that other anti¬ 
psychotics with dopamine agonist activity, such as cariprazine 
and brexpiprazole, may also have this effect. 

The key to management of these compulsive behaviors is 
recognition that they are medication-induced and not simply 
part of an underlying mental or behavioral condition. In all re¬ 
ported cases, reducing the dose or discontinuing the causative 
medication was effective in ending the uncontrollable behav- 
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ior within weeks 228,233,234 . If an antipsychotic is necessary, one 
without dopamine agonist effects should be selected. 

Myocarditis 

Myocarditis, or inflammation of the heart muscle, is a rare 
but important medical risk of clozapine treatment that almost 
always occurs within the first two months of treatment 235,236 . 
Because myocarditis can progress quickly to cardiomyopathy 
and congestive heart failure, the best management strategy is 
to monitor for it, so that it can be recognized quickly. Slow ti¬ 
tration may help 237,238 . At a minimum, patients initiating clo¬ 
zapine should be monitored weekly for signs and symptoms of 
myocarditis, including chest pain, dyspnea, orthopnea, pe¬ 
ripheral edema, palpitations, fatigue, flu-like symptoms in¬ 
cluding fever, nausea and vomiting, and diaphoresis 239 . An ECG 
should be obtained and cardiac enzymes assessed as soon as 
myocarditis is suspected. Laboratory tests suggesting myocar¬ 
ditis in the context of recently started clozapine include ele¬ 
vated eosinophil count, C-reactive protein, sedimentation rate, 
and troponins. If myocarditis is suspected, an echocardiogram 
can assess ventricular and cardiac valve functioning; baseline 
echocardiograms are not necessary 239,240 . 

If a diagnosis of myocarditis is highly suspected or con¬ 
firmed, then clozapine should be discontinued promptly, and 
general or specialty cardiac follow-up care is needed. In many 
cases cardiac function returns to normal after clozapine is 
stopped. Recurrence rates of clozapine-induced myocarditis 
are high; if the possible benefits of the drug are thought to jus¬ 
tify this risk, it should be re-initiated in hospital with close 
monitoring 241 . 

Metabolic effects 

Many antipsychotic medications are associated, to variable 
degrees, with weight gain, hypertension, and adverse effects 
on lipid and glucose metabolism. 

Several antipsychotics are associated with significant weight 
gain, and virtually all antipsychotics are known to cause weight 
gain among youth 3 . Weight gain is among the most important 
antipsychotic side effects, because it is distressing to individuals 
and increases the risk of adverse health outcomes such as degen¬ 
erative joint disease, type 2 diabetes mellitus and its complica¬ 
tions, cardiovascular and cerebrovascular disease, as well as 
some types of cancer, and liver and kidney disease. Although 
weight gain commonly accompanies other adverse metabolic ef¬ 
fects, adverse changes in lipids and insulin sensitivity may occur 
independently of weight gain 3 . 

Anyone taking an antipsychotic medication should be regu¬ 
larly monitored for metabolic side effects. If these effects occur, 
lifestyle modifications are widely recommended and are a rea¬ 
sonable first step for individuals taking antipsychotic medica¬ 
tions. Several structured behavioral programs have been tested 


and found effective in individuals with severe mental ill¬ 
nesses 242 " 245 . Switching to an antipsychotic with lower risk for 
metabolic problems can be effective in helping individuals to 
lose weight and improve metabolic profiles 4,5 . 

Metabolic problems that develop in the context of success¬ 
ful antipsychotic treatment can also be treated symptomatical¬ 
ly, as they are in the general population. For example, statins 
are used to treat dyslipidemias, and antihypertensive medica¬ 
tions are used to treat hypertension. Metformin has repeatedly 
been shown in randomized controlled trials to be modestly ef¬ 
fective in helping patients taking antipsychotics to lose weight, 
even if the weight gain was not recent 246 ' 249 . Recently ap¬ 
proved weight loss drugs - including lorcaserin, bupropion/ 
naltrexone, and liraglutide - have not been tested specifically 
for antipsychotic-induced weight gain. Preliminary data on 
naltrexone alone suggests that it may be helpful 250 . Stimulant 
weight loss medications are not recommended due to their 
psychotogenic potential. 

Anticholinergic effects 

Anticholinergic side effects of antipsychotics include de¬ 
creased salivation leading to dry mouth, decreased intestinal 
mobility leading to constipation, inhibition of visual accom¬ 
modation leading to blurred vision, increased pupil size, and 
tachycardia 251 . These effects may lead to medical complica¬ 
tions such as dental caries, ileus, and angina or myocardial in¬ 
farction. Because increased pupil size can exacerbate narrow- 
angle glaucoma, this condition should be treated before initi¬ 
ating antipsychotic treatment; an antipsychotic with minimal 
anticholinergic effects should be selected. Similarly, prostatic 
hypertrophy should be treated and an antipsychotic with little 
anticholinergic effect should be used 251 . 

Decreasing the antipsychotic dose is the first-choice man¬ 
agement strategy for anticholinergic side effects. Changing to 
a medicine with less anticholinergic effects may also be effec¬ 
tive 251 . Finally, symptomatic management is a reasonable ap¬ 
proach, but there is little evidence specific to antipsychotic-in¬ 
duced anticholinergic effects. 

Constipation due to antipsychotics, particularly clozapine, 
can be severe and can lead to ileus 252,253 . Prevention and early 
recognition are critical. Recommended management strategies 
include adequate hydration; use of osmotic agents such as sor¬ 
bitol, lactulose, or polyethylene glycol, and stimulant laxatives 
such as senna or bisacodyl. The benefits of stool softeners such 
as docusate sodium are unclear 4 . Bulk-forming, fiber-based 
laxatives are generally not recommended for slow-transit con¬ 
stipation such as that caused by anticholinergic effects 254 . 

CONCLUSIONS 

The considerable benefits of antipsychotic medications are 
countered, to some extent, by their adverse effects. Appropri- 
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ate prevention and early management of these effects can en¬ 
hance the net benefits of antipsychotics. Our review found 
that, in general, few management approaches are supported 
by strong empirical evidence; recommendations are often 
based at least in part on expert opinion. 

Nevertheless, a few key principles apply broadly. Only use 
antipsychotics if the indication is clear; only continue anti¬ 
psychotics if a benefit is discernible. If an antipsychotic is pro¬ 
viding substantial benefit, and the adverse effect is not life- 
threatening, then the first management choice is to lower the 
dose or adjust the dosing schedule. Next is to change the anti¬ 
psychotic; this is often reasonable unless the risk of relapse is 
high, such as when an individual has only responded to cloza¬ 
pine. In some instances, behavioral interventions can be tried. 
Finally, concomitant medications, though generally not desir¬ 
able, are necessary in many instances. 

Evidence suggests that adverse effects are not the main reason 
why individuals discontinue an antipsychotic medication 255 . 
Nevertheless, optimal management of adverse effects will im¬ 
prove patients’ quality of life and their functional outcomes. 

ACKNOWLEDGEMENTS 

This paper was supported in part by the Global Mental Health Program at Co¬ 
lumbia University. The authors thank S. Wetzler for her assistance. 

REFERENCES 

1. Goff DC. Maintenance treatment with long-acting injectable antipsycho¬ 
tics: comparing old with new. fAMA 2014;311:1973-4. 

2. International College of Neuropsychopharmacology. CINP schizophrenia 
guidelines, http://cinp.org/cinp-schizophrenia-guidelines/ . 

3. Schimmelmann BG, Schmidt SJ, Carbon M et al. Treatment of adolescents 
with early-onset schizophrenia spectrum disorders: in search of a rational, 
evidence-informed approach. Curr Opin Psychiatry 2013;26:219-30. 

4. Newcomer JW, Weiden PJ, Buchanan RW. Switching antipsychotic medi¬ 
cations to reduce adverse event burden in schizophrenia: establishing 
evidence-based practice. J Clin Psychiatry 2013;74:1108-20. 

5. Stroup TS, McEvoy JP, Ring KD et al. A randomized trial examining the ef¬ 
fectiveness of switching from olanzapine, quetiapine, or risperidone to ar- 
ipiprazole to reduce metabolic risk: comparison of antipsychotics for 
metabolic problems (CAMP). Am J Psychiatry 2011;168:947-56. 

6. Brar JS, Ganguli R, Pandina G et al. Effects of behavioral therapy on weight 
loss in overweight and obese patients with schizophrenia or schizoaffec¬ 
tive disorder. J Clin Psychiatry 2005;66:205-12. 

7. Seemuller F, Lewitzka U, Bauer M. The relationship of akathisia with treat¬ 
ment emergent suicidality among patients with first-episode schizophrenia 
treated with haloperidol or risperidone. Pharmacopsychiatry 2012;45:292-6. 

8. Tarsy D. Neuroleptic-induced extrapyramidal reactions: classification, 
description, and diagnosis. Clin Neuropharmacol 1983;6(Suppl. l):S9-26. 

9. van Harten PN, Hoek HW, Kahn RS. Acute dystonia induced by drug 
treatment. BMJ 1999;319:623-6. 

10. Keepers GA, Casey DE. Use of neuroleptic-induced extrapyramidal symp¬ 
toms to predict future vulnerability to side effects. Am J Psychiatry 1991; 
148:85-9. 

11. Aguilar EJ, Keshavan MS, Martinez-Quiles MD et al. Predictors of acute dys¬ 
tonia in first-episode psychotic patients. Am J Psychiatry 1994;151:1819-21. 

12. Swett C Jr. Drug-induced dystonia. Am J Psychiatry 1975;132:532-4. 

13. Koek RJ, Pi EH. Acute laryngeal dystonic reactions to neuroleptics. Psy- 
chosomatics 1989;30:359-64. 


14. Gardner DM, Abidi S, Ursuliak Z et al. Incidence of oculogyric crisis and 
long-term outcomes with second-generation antipsychotics in a first- 
episode psychosis program. J Clin Psychopharmacol 2015;35:715-8. 

15. Arana GW, Goff DC, Baldessarini RJ et al. Efficacy of anticholinergic pro¬ 
phylaxis for neuroleptic-induced acute dystonia. Am J Psychiatry 1988; 145: 
993-6. 

16. Goff DC, Arana GW, Greenblatt DJ et al. The effect of benztropine on 
haloperidol-induced dystonia, clinical efficacy and pharmacokinetics: a 
prospective, double-blind trial. J Clin Psychopharmacol 1991;11:106-12. 

17. Stern TA, Anderson WH. Benztropine prophylaxis of dystonic reactions. 
Psychopharmacology 1979;61:261-2. 

18. Winslow RS, Stillner V, Coons DJ et al. Prevention of acute dystonic reac¬ 
tions in patients beginning high-potency neuroleptics. Am J Psychiatry 
1986;143:706-10. 

19. Swett C Jr, Cole JO, Shapiro S et al. Extrapyramidal side effects in chlor- 
promazine recipients: emergence according to benztropine prophylaxis. 
Arch Gen Psychiatry 1977;34:942-3. 

20. Desmarais JE, Beauclair L, Annable L et al. Effects of discontinuing anti¬ 
cholinergic treatment on movement disorders, cognition and psycho¬ 
pathology in patients with schizophrenia. Ther Adv Psychopharmacol 
2014;4:257-67. 

21. Caradoc-Davies G, Menkes DB, Clarkson HO et al. A study of the need for 
anticholinergic medication in patients treated with long-term antipsycho¬ 
tics. Aust N Z J Psychiatry 1986;20:225-32. 

22. Chan HY, Chang CJ, Chiang SC et al. A randomised controlled study of ris¬ 
peridone and olanzapine for schizophrenic patients with neuroleptic- 
induced acute dystonia or parkinsonism. J Psychopharmacol 2010;24:91-8. 

23. Altamura AC, Mauri MC, Mantero M et al. Clonazepam/haloperidol com¬ 
bination therapy in schizophrenia: a double blind study. Acta Psychiatr 
Scand 1987;76:702-6. 

24. Gagrat D, Hamilton J, Belmaker RH. Intravenous diazepam in the treat¬ 
ment of neuroleptic-induced acute dystonia and akathisia. Am J Psychiatry 
1978;135:1232-3. 

25. Thanvi B, Treadwell S. Drug induced parkinsonism: a common cause of 
parkinsonism in older people. Postgrad Med J 2009;85:322-6. 

26. Caligiuri MP, Lohr JB. Instrumental motor predictors of neuroleptic- 
induced parkinsonism in newly medicated schizophrenia patients. J Neuro¬ 
psychiatry ClinNeurosci 1997;9:562-7. 

27. Hriso E, Kuhn T, Masdeu JC et al. Extrapyramidal symptoms due to 
dopamine-blocking agents in patients with AIDS encephalopathy. Am J 
Psychiatry 1991;148:1558-61. 

28. Lera G, Zirulnik J. Pilot study with clozapine in patients with HlV-asso- 
ciated psychosis and drug-induced parkinsonism. Mov Disord 1999; 14: 
128-31. 

29. Chang A, Fox SH. Psychosis in Parkinson’s disease: epidemiology, patho¬ 
physiology, and management. Drugs 2016;76:1093-18. 

30. Samudra N, Patel N, Womack KB et al. Psychosis in Parkinson disease: a 
review of etiology, phenomenology, and management. Drugs Aging 2016; 
33:855-63. 

31. Taylor J, Anderson WS, Brandt J et al. Neuropsychiatric complications of 
Parkinson disease treatments: importance of multidisciplinary care. Am J 
Geriatr Psychiatry 2016;24:1171-80. 

32. Mamo DC, Sweet RA, Keshavan MS. Managing antipsychotic-induced 
parkinsonism. Drug Saf 1999;20:269-75. 

33. Cortese L, Caligiuri MP, Williams R et al. Reduction in neuroleptic- 
induced movement disorders after a switch to quetiapine in patients with 
schizophrenia. J Clin Psychopharmacol 2008;28:69-73. 

34. Magnus RV. A comparison of biperiden hydrochloride (Akineton) and 
benzhexol (Artane) in the treatment of drug-induced Parkinsonism. J Int 
Med Res 1980;8:343-6. 

35. Dayalu P, Chou KL. Antipsychotic-induced extrapyramidal symptoms 
and their management. Expert Opin Pharmacother 2008;9:1451-62. 

36. Ananth J, Sangani H, Noonan JP. Amantadine in drug-induced extrapy¬ 
ramidal signs: a comparative study. Int J Clin Pharmacol Biopharm 1975; 
11:323-6. 

37. Chouinard G, Annable L, Ross-Chouinard A et al. Ethopropazine and 
benztropine in neuroleptic-induced parkinsonism. J Clin Psychiatry 1979; 
40:147-52. 

38. Kelly JT, Zimmermann RL, Abuzzahab FS et al. A double-blind study 
of amantadine hydrochloride versus benztropine mesylate in drug-induced 
parkinsonism. Pharmacology 1974;12:65-73. 


World Psychiatry 17:3 - October 2018 


351 



39. Mindham RH, Gaind R, Anstee BH et al. Comparison of amantadine, or- 
phenadrine, and placebo in the control of phenothiazine-induced Parkin¬ 
sonism. Psychol Med 1972;2:406-13. 

40. Silver H, Geraisy N, Schwartz M. No difference in the effect of biperiden 
and amantadine on parkinsonian- and tardive dyskinesia-type involuntary 
movements: a double-blind crossover, placebo-controlled study in medi¬ 
cated chronic schizophrenic patients. J Clin Psychiatry 1995;56:167-70. 

41. Van Putten T. Vulnerability to extrapyramidal side effects. Clin Neuro- 
pharmacol 1983;6(Suppl. l):S27-34. 

42. Miller CH, Hummer M, Oberbauer H et al. Risk factors for the develop¬ 
ment of neuroleptic induced akathisia. Eur Neuropsychopharmacol 1997; 
7:51-5. 

43. Sachdev P, Kruk J. Clinical characteristics and predisposing factors in 
acute drug-induced akathisia. Arch Gen Psychiatry 1994;51:963-74. 

44. Juncal-Ruiz M, Ramirez-Bonilla M, Gomez-Arnau J et al. Incidence and 
risk factors of acute akathisia in 493 individuals with first episode non- 
affective psychosis: a 6-week randomised study of antipsychotic treat¬ 
ment. Psychopharmacology 2017;234:2563-70. 

45. Poyurovsky M. Acute antipsychotic-induced akathisia revisited. Br J 
Psychiatry 2010;196:89-91. 

46. Poyurovsky M, Pashinian A, Weizman R et al. Low-dose mirtazapine: a 
new option in the treatment of antipsychotic-induced akathisia. A ran¬ 
domized, double-blind, placebo- and propranolol-controlled trial. Biol 
Psychiatry 2006;59:1071-7. 

47. Adler L, Angrist B, Peselow E et al. A controlled assessment of propranolol in 
the treatment of neuroleptic-induced akathisia. Br 1 Psychiatry 1986;149:42-5. 

48. Kramer MS, Gorkin R, Dijohnson C. Treatment of neuroleptic-induced 
akathisia with propranolol: a controlled replication study. Hillside J Clin 
Psychiatry 1989;11:107-19. 

49. Kramer MS, Gorkin RA, Dijohnson C et al. Propranolol in the treatment of 
neuroleptic-induced akathisia (NIA) in schizophrenics: a double-blind, 
placebo-controlled study. Biol Psychiatry 1988;24:823-7. 

50. Lima AR, Bacalcthuk J, Barnes TR et al. Central action beta-blockers ver¬ 
sus placebo for neuroleptic-induced acute akathisia. Cochrane Database 
Syst Rev 2004;4:CD001946. 

51. Rathbone J, Soares-Weiser K. Anticholinergics for neuroleptic-induced 
acute akathisia. Cochrane Database Syst Rev 2006;4:CD003727. 

52. Fleischhacker WW, Roth SD, Kane JM. The pharmacologic treatment of 
neuroleptic-induced akathisia. J Clin Psychopharmacol 1990;10:12-21. 

53. Hieber R, Dellenbaugh T, Nelson LA. Role of mirtazapine in the treatment 
of antipsychotic-induced akathisia. Ann Pharmacother 2008;42:841-6. 

54. Praharaj SK, Kongasseri S, Behere RV et al. Mirtazapine for antipsychotic- 
induced acute akathisia: a systematic review and meta-analysis of random¬ 
ized placebo-controlled trials. Ther Adv Psychopharmacol 2015;5:307-13. 

55. Miller CH, Fleischhacker WW, Ehrmann H et al. Treatment of neuroleptic 
induced akathisia with the 5-HT2 antagonist ritanserin. Psychopharmacol 
Bull 1990;26:373-6. 

56. Miller CH, Hummer M, Pycha R et al. The effect of ritanserin on treatment- 
resistant neuroleptic induced akathisia: case reports. Prog Neuropsycho¬ 
pharmacol Biol Psychiatry 1992;16:247-51. 

57. Poyurovsky M, Fuchs C, Weizman A. Low-dose mianserin in treatment of 
acute neuroleptic-induced akathisia. J Clin Psychopharmacol 1998,18: 
253-4. 

58. Poyurovsky M, Shardorodsky M, Fuchs C et al. Treatment of neuroleptic- 
induced akathisia with the 5-HT2 antagonist mianserin. Double-blind, 
placebo-controlled study. Br J Psychiatry 1999;174:238-42. 

59. Avital A, Gross-Isseroff R, Stryjer R et al. Zolmitriptan compared to pro¬ 
pranolol in the treatment of acute neuroleptic-induced akathisia: a 
comparative double-blind study. Eur Neuropsychopharmacol 2009; 19: 
476-82. 

60. Fischel T, Hermesh H, Aizenberg D et al. Cyproheptadine versus propran¬ 
olol for the treatment of acute neuroleptic-induced akathisia: a compara¬ 
tive double-blind study. J Clin Psychopharmacol 2001;21:612-5. 

61. Hirose S, Ashby CR. Immediate effect of intravenous diazepam in neuro¬ 
leptic-induced acute akathisia: an open-label study. J Clin Psychiatry 2002; 
63:524-7. 

62. Bartels M, Heide K, Mann K et al. Treatment of akathisia with lorazepam. 
An open clinical trial. Pharmacopsychiatry 1987;20:51-3. 

63. Kutcher S, Williamson P, MacKenzie S et al. Successful clonazepam treat¬ 
ment of neuroleptic-induced akathisia in older adolescents and young 
adults: a double-blind, placebo-controlled study. J Clin Psychopharmacol 
1989;9:403-6. 


64. Pujalte D, Bottai T, Hue B et al. A double-blind comparison of clonaze¬ 
pam and placebo in the treatment of neuroleptic-induced akathisia. Clin 
Neuropharmacol 1994;17:236-42. 

65. Lima AR, Soares-Weiser K, Bacaltchuk J et al. Benzodiazepines for 
neuroleptic-induced acute akathisia. Cochrane Database Syst Rev 2002; 
1:CD001950. 

66. Tiihonen J, Mittendorfer-Rutz E, Torniainen M et al. Mortality and cumu¬ 
lative exposure to antipsychotics, antidepressants, and benzodiazepines 
in patients with schizophrenia: an observational follow-up study. Am J 
Psychiatry 2016;173:600-6. 

67. Lerner V, Bergman J, Statsenko N et al. Vitamin B6 treatment in acute 
neuroleptic-induced akathisia: a randomized, double-blind, placebo- 
controlled study. J Clin Psychiatry 2004;65:1550-4. 

68. Bernstein AL. Vitamin B6 in clinical neurology. Ann N Y Acad Sci 1990; 
585:250-60. 

69. Erdur B, Tura P, Aydin B et al. A trial of midazolam vs diphenhydramine 
in prophylaxis of metoclopramide-induced akathisia. Am J Emerg Med 
2012;30:84-91. 

70. Friedman BW, Bender B, Davitt M et al. A randomized trial of diphenhydra¬ 
mine as prophylaxis against metoclopramide-induced akathisia in nause¬ 
ated emergency department patients. Ann Emerg Med 2009;53:379-85. 

71. Vinson DR. Diphenhydramine in the treatment of akathisia induced by 
prochlorperazine. J Emerg Med 2004;26:265-70. 

72. Cornett EM, Novitch M, Kaye AD et al. Medication-induced tardive dys¬ 
kinesia: a review and update. Ochsner J 2017;17:162-74. 

73. Bhidayasiri R, Boonyawairoj S. Spectrum of tardive syndromes: clinical 
recognition and management. Postgrad Med J 2011;87:132-41. 

74. Yassa R, Jeste DV. Gender differences in tardive dyskinesia: a critical re¬ 
view of the literature. Schizophr Bull 1992;18:701-15. 

75. Tenback DE, van Harten PN, Slooff CJ et al. Evidence that early extrapy¬ 
ramidal symptoms predict later tardive dyskinesia: a prospective analysis 
of 10,000 patients in the European Schizophrenia Outpatient Health Out¬ 
comes (SOHO) study. Am J Psychiatry 2006;163:1438-40. 

76. Tenback DE, van Harten PN, van Os J. Non-therapeutic risk factors for 
onset of tardive dyskinesia in schizophrenia: a meta-analysis. Mov Disord 
2009;24:2309-15. 

77. Miller DD, McEvoy JP, Davis SM et al. Clinical correlates of tardive dyski¬ 
nesia in schizophrenia: baseline data from the CATIE schizophrenia trial. 
Schizophr Res 2005;80:33-43. 

78. Zhang XY, Chen DC, Qi LY et al. Gender differences in the prevalence, risk 
and clinical correlates of tardive dyskinesia in Chinese schizophrenia. 
Psychopharmacology 2009;205:647-54. 

79. Bakker PR, van Harten PN, van Os J. Antipsychotic-induced tardive dyski¬ 
nesia and polymorphic variations in COMT, DRD2, CYP1A2 and MnSOD 
genes: a meta-analysis of pharmacogenetic interactions. Mol Psychiatry 
2008;13:544-56. 

80. Zai CC, Tiwari AK, Muller DJ et al. The catechol-O-methyl-transferase 
gene in tardive dyskinesia. World J Biol Psychiatry 2010;11:803-12. 

81. Miura I, Zhang JP, Nitta M et al. BDNF Val66Met polymorphism and 
antipsychotic-induced tardive dyskinesia occurrence and severity: a me¬ 
ta-analysis. Schizophr Res 2014;152:365-72. 

82. Inada T, Koga M, Ishiguro H et al. Pathway-based association analysis 
of genome-wide screening data suggest that genes associated with the 
gamma-aminobutyric acid receptor signaling pathway are involved in 
neuroleptic-induced, treatment-resistant tardive dyskinesia. Pharmaco- 
genet Gen 2008;18:317-23. 

83. Lanning RK, Zai CC, Muller DJ. Pharmacogenetics of tardive dyskinesia: 
an updated review of the literature. Pharmacogenomics 2016;17:1339-51. 

84. Son WY, Lee HJ, Yoon HK et al. GABA transporter SLC6A11 gene poly¬ 
morphism associated with tardive dyskinesia. Nordic J Psychiatry 2014; 
68:123-8. 

85. Carbon M, Hsieh CH, Kane JM et al. Tardive dyskinesia prevalence in the 
period of second-generation antipsychotic use: a meta-analysis. J Clin 
Psychiatry 2017;78:e264-78. 

86. Correll CU, Schenk EM. Tardive dyskinesia and new antipsychotics. Curr 
Opin Psychiatry 2008;21:151-6. 

87. Correll CU, Leucht S, Kane JM. Lower risk for tardive dyskinesia associ¬ 
ated with second-generation antipsychotics: a systematic review of 1-year 
studies. Am J Psychiatry 2004;161:414-25. 

88. O'Brien A. Comparing the risk of tardive dyskinesia in older adults with 
first-generation and second-generation antipsychotics: a systematic re¬ 
view and meta-analysis. Int J Geriatr Psychiatry 2016;31:683-93. 


352 


World Psychiatry 17:3 - October 2018 


89. Bai YM, Yu SC, Chen JY et al. Risperidone for pre-existing severe tardive 
dyskinesia: a 48-week prospective follow-up study. Int Clin Psychophar- 
macol 2005;20:79-85. 

90. Chan HY, Chiang SC, Chang CJ et al. A randomized controlled trial of ris¬ 
peridone and olanzapine for schizophrenic patients with neuroleptic- 
induced tardive dyskinesia. J Clin Psychiatry 2010;71:1226-33. 

91. Chouinard G. Effects of risperidone in tardive dyskinesia: an analysis of 
the Canadian multicenter risperidone study. 1 Clin Psychopharmacol 
1995;15:36S-44S. 

92. Bergman H, Walker DM, Nikolakopoulou A et al. Systematic review of 
interventions for treating or preventing antipsychotic-induced tardive 
dyskinesia. Health Technol Assess 2017;21:1-218. 

93. Hauser RA, Factor SA, Marder SR et al. KINECT 3: a phase 3 randomized, 
double-blind, placebo-controlled trial of valbenazine for tardive dyskin¬ 
esia. Am J Psychiatry 2017;174:476-84. 

94. Leung JG, Breden EL. Tetrabenazine for the treatment of tardive dyski¬ 
nesia. Ann Pharmacother 2011;45:525-31. 

95. Ondo WG, Hanna PA, JankovicJ. Tetrabenazine treatment for tardive dys¬ 
kinesia: assessment by randomized videotape protocol. Am I Psychiatry 
1999;156:1279-81. 

96. Citrome L. Valbenazine for tardive dyskinesia: a systematic review of the 
efficacy and safety profile for this newly approved novel medication - 
what is the number needed to treat, number needed to harm and likeli¬ 
hood to be helped or harmed? Int J Clin Pract (in press). 

97. Fernandez HH, Factor SA, Hauser RA et al. Randomized controlled trial of 
deutetrabenazine for tardive dyskinesia: the ARM-TD study. Neurology 
2017;88:2003-10. 

98. Alabed S, Latifeh Y, Mohammad HA et al. Gamma-aminobutyric acid 
agonists for neuroleptic-induced tardive dyskinesia. Cochrane Database 
Syst Rev 2011;4:CD000203. 

99. Thaker GK, Nguyen IA, Strauss ME et al. Clonazepam treatment of tardive 
dyskinesia: a practical GABAmimetic strategy. Am J Psychiatry 1990; 147: 
445-51. 

100. Zhang WF, Tan YL, Zhang XY et al. Extract of Ginkgo biloba treatment for 
tardive dyskinesia in schizophrenia: a randomized, double-blind, place- 
bo-controlled trial. J Clin Psychiatry 2011;72:615-21. 

101. Zhang XY, Zhang WF, Zhou DF et al. Brain-derived neurotrophic factor 
levels and its Val66Met gene polymorphism predict tardive dyskinesia 
treatment response to Ginkgo biloba. Biol Psychiatry 2012;72:700-6. 

102. Adelufosi AO, Abayomi O, Ojo TM. Pyridoxal 5 phosphate for neurolep¬ 
tic-induced tardive dyskinesia. Cochrane Database Syst Rev 2015;4: 
CD010501. 

103. Soares-Weiser K, Maayan N, McGrath J. Vitamin E for neuroleptic-in¬ 
duced tardive dyskinesia. Cochrane Database Syst Rev 2011;2:CD000209. 

104. Bhidayasiri R, Fahn S, Weiner WJ et al. Evidence-based guideline: treat¬ 
ment of tardive syndromes: report of the Guideline Development Sub¬ 
committee of the American Academy of Neurology. Neurology 2013;81: 
463-9. 

105. El-Sayeh HG, Lyra da Silva JP, Rathbone J et al. Non-neuroleptic catecho- 
laminergic drugs for neuroleptic-induced tardive dyskinesia. Cochrane 
Database Syst Rev 2006;1:CD000458. 

106. Essali A, Deirawan H, Soares-Weiser K et al. Calcium channel blockers for 
neuroleptic-induced tardive dyskinesia. Cochrane Database Syst Rev 2011; 
11:CD000206. 

107. Pouclet-Courtemanche H, Rouaud T, Thobois S et al. Long-term efficacy 
and tolerability of bilateral pallidal stimulation to treat tardive dyskinesia. 
Neurology 2016;86:651-9. 

108. Saleh C, Gonzalez V, Coubes P. Role of deep brain stimulation in the 
treatment of secondary dystonia-dyskinesia syndromes. Handb Clin Neu¬ 
rol 2013;116:189-208. 

109. Sobstyl M, Zabek M. Deep brain stimulation for intractable tardive dys¬ 
tonia: literature overview. Neurol Neurochir Pol 2016;50:114-22. 

110. Thobois S, Poisson A, Damier P. Surgery for tardive dyskinesia. Int Rev 
Neurobiol 2011;98:289-96. 

111. Maher S, Cunningham A, O'Callaghan N et al. Clozapine-induced hyper¬ 
salivation: an estimate of prevalence, severity and impact on quality of 
life. Ther Adv Psychopharmacol 2016;6:178-84. 

112. Corrigan FM, MacDonald S, Reynolds GP. Clozapine-induced hypersali¬ 
vation and the alpha 2 adrenoceptor. Br J Psychiatry 1995; 167:412. 

113. Ukai Y, Taniguchi N, Ishima T et al. Muscarinic supersensitivity and sub¬ 
sensitivity induced by chronic treatment with atropine and diisopropyl- 
fluorophosphate in rat submaxillary glands. Arch Int Pharmacodyn Ther 
1989;297:148-57. 


114. Saenger RC, Finch TH, Francois D. Aspiration pneumonia due to 
clozapine-induced sialorrhea. Clin Schizophr Relat Psychoses 2016;9: 
170-2. 

115. Trigoboff E, Grace J, Szymanski H et al. Sialorrhea and aspiration pneu¬ 
monia: a case study. Innov Clin Neurosci 2013;10:20-7. 

116. Acosta-Armas AJ. Two cases of parotid gland swelling in patients taking 
clozapine. Hosp Med 2001;62:704-5. 

117. Patkar AA, Alexander RC. Parotid gland swelling with clozapine. J Clin 
Psychiatry 1996;57:488. 

118. Bird AM, Smith TL, Walton AE. Current treatment strategies for clozapine- 
induced sialorrhea. Ann Pharmacother 2011;45:667-75. 

119. Essali A, Rihawi A, Altujjar M et al. Anticholinergic medication for non¬ 
clozapine neuroleptic-induced hypersalivation in people with schizo¬ 
phrenia. Cochrane Database Syst Rev 2013;12:CD009546. 

120. Antonello C, Tessier P. Clozapine and sialorrhea: a new intervention 
for this bothersome and potentially dangerous side effect. J Psychiatry 
Neurosci 1999;24:250. 

121. Sharma A, Ramaswamy S, Dahl E et al. Intraoral application of atropine 
sulfate ophthalmic solution for clozapine-induced sialorrhea. Ann Phar¬ 
macother 2004;38:1538. 

122. Tessier P, Antonello C. Clozapine and sialorrhea: update. J Psychiatry 
Neurosci 2001;26:253. 

123. Calderon I, Rubin E, Sobota WL. Potential use of ipratropium bromide for 
the treatment of clozapine-induced hypersalivation: a preliminary report. 
Int Clin Psychopharmacol 2000;15:49-52. 

124. Freudenreich O, Beebe M, Goff DC. Clozapine-induced sialorrhea treated 
with sublingual ipratropium spray: a case series. I Clin Psychopharmacol 
2004;24:98-100. 

125. Sockalingam S, Shammi C, Remington G. Treatment of clozapine- 
induced hypersalivation with ipratropium bromide: a randomized, 
double-blind, placebo-controlled crossover study. J Clin Psychiatry 
2009;70:1114-9. 

126. Reinstein M, Sirotovskaya L, Chasanov M et al. Comparative efficacy and 
tolerability of benztropine and terazosin in the treatment of hypersaliva¬ 
tion secondary to clozapine. Clin Drug Invest 1999;17:97-102. 

127. Spivalc B, Adlersberg S, Rosen L et al. Trihexyphenidyl treatment of 
clozapine-induced hypersalivation. Int Clin Psychopharmacol 1997; 12: 
213-5. 

128. Liang CS, Ho PS, Shen LJ et al. Comparison of the efficacy and impact on 
cognition of glycopyrrolate and biperiden for clozapine-induced sialor¬ 
rhea in schizophrenic patients: a randomized, double-blind, crossover 
study. Schizophr Res 2010;119:138-44. 

129. Bai YM, Lin CC, Chen JY et al. Therapeutic effect of pirenzepine for 
clozapine-induced hypersalivation: a randomized, double-blind, pla¬ 
cebo-controlled, cross-over study. J Clin Psychopharmacol 2001;21: 
608-11. 

130. Schneider B, Weigmann H, Hiemke C et al. Reduction of clozapine- 
induced hypersalivation by pirenzepine is safe. Pharmacopsychiatry 
2004;37:43-5. 

131. Copp PJ, Lament R, Tennent TG. Amitriptyline in clozapine-induced sia- 
lorrhoea. Br J Psychiatry 1991;159:166. 

132. Grabowski J. Clonidine treatment of clozapine-induced hypersalivation. J 
Clin Psychopharmacol 1992;12:69-70. 

133. Praharaj SK, Verma P, Roy D et al. Is clonidine useful for treatment of 
clozapine-induced sialorrhea? J Psychopharmacol 2005;19:426-8. 

134. Webber MA, Szwast SJ, Steadman TM et al. Guanfacine treatment of 
clozapine-induced sialorrhea. J Clin Psychopharmacol 2004;24:675-6. 

135. Kreinin A, Epshtein S, Sheinkman A et al. Sulpiride addition for the treat¬ 
ment of clozapine-induced hypersalivation: preliminary study. Isr J 
Psychiatry Relat Sci 2005;42:61-3. 

136. Kreinin A, Miodownik C, Sokolik S et al. Amisulpride versus moclobemide 
in treatment of clozapine-induced hypersalivation. World J Biol Psych¬ 
iatry 2011; 12:620-6. 

137. Kreinin A, Novitski D, Weizman A. Amisulpride treatment of clozapine- 
induced hypersalivation in schizophrenia patients: a randomized, double¬ 
blind, placebo-controlled cross-over study. Int Clin Psychopharmacol 
2006;21:99-103. 

138. Kreinin A, Miodownik C, Libov I et al. Moclobemide treatment of 
clozapine-induced hypersalivation: pilot open study. Clin Neuropharma- 
col 2009;32:151-3. 

139. Kahl KG, Hagenah J, Zapf S et al. Botulinum toxin as an effective treat¬ 
ment of clozapine-induced hypersalivation. Psychopharmacology 2004; 
173:229-30. 


World Psychiatry 17:3 - October 2018 


353 


140. Steinlechner S, Klein C, Moser A et al. Botulinum toxin B as an effective 
and safe treatment for neuroleptic-induced sialorrhea. Psychopharma¬ 
cology 2010;207:593-7. 

141. Leucht S, Cipriani A, Spineli L et al. Comparative efficacy and tolerability 
of 15 antipsychotic drugs in schizophrenia: a multiple-treatments meta¬ 
analysis. Lancet 2013;382:951-62. 

142. Masopust J, Maly R, Valis M. Risk of venous thromboembolism during 
treatment with antipsychotic agents. Psychiatry Clin Neurosci 2012;66: 
541-52. 

143. Miller DD. Atypical antipsychotics: sleep, sedation, and efficacy. Prim 
Care Companion J Clin Psychiatry 2004;6(Suppl. 2):3-7. 

144. Andrade C, Kisely S, Monteiro I et al. Antipsychotic augmentation with 
modafinil or armodafinil for negative symptoms of schizophrenia: sys¬ 
tematic review and meta-analysis of randomized controlled trials. J Psy- 
chiatr Res 2015;60:14-21. 

145. Burke M, Sebastian CS. Treatment of clozapine sedation. Am J Psychiatry 
1993;150:1900-1. 

146. Carpenter MD, Winsberg BG, Camus LA. Methylphenidate augmentation 
therapy in schizophrenia. J Clin Psychopharmacol 1992;12:273-5. 

147. Szeszko PR, Bilder RM, Dunlop JA et al. Longitudinal assessment of me¬ 
thylphenidate effects on oral word production and symptoms in first- 
episode schizophrenia at acute and stabilized phases. Biol Psychiatry 
1999;45:680-6. 

148. Makela EH, Miller K, Cutlip WD 2nd. Three case reports of modafinil use 
in treating sedation induced by antipsychotic medications. J Clin Psych¬ 
iatry 2003;64:485-6. 

149. Saavedra-Velez C, Yusim A, Anbarasan D et al. Modafinil as an adjunctive 
treatment of sedation, negative symptoms, and cognition in schizophre¬ 
nia: a critical review. J Clin Psychiatry 2009;70:104-12. 

150. Freudenreich O, Henderson DC, Macklin EA et al. Modafinil for clozapine- 
treated schizophrenia patients: a double-blind, placebo-controlled pilot 
trial. J Clin Psychiatry 2009;70:1674-80. 

151. Miller SC. Methylphenidate for clozapine sedation. Am J Psychiatry 1996; 
153:1231-2. 

152. Saraf G, Viswanath B, Narayanaswamy JC et al. Modafinil for the treat¬ 
ment of antipsychotic-induced excessive daytime sedation: does it ex¬ 
acerbate tics? J Neuropsychiatry Clin Neurosci 2013;25:E35-6. 

153. Chen CY, Lane HY, Lin CH. Effects of antipsychotics on bone mineral 
density in patients with schizophrenia: gender differences. Clin Psycho¬ 
pharmacol Neurosci 2016;14:238-49. 

154. Kollin E, Gergely I, Szucs J et al. Decreased bone density in hyperprolacti¬ 
nemic women. N Engl J Med 1981;304:1362-3. 

155. Gonzalez-Bianco L, Greenhalgh AM, Garcia-Rizo C et al. Prolactin con¬ 
centrations in antipsychotic-naive patients with schizophrenia and re¬ 
lated disorders: a meta-analysis. Schizophr Res 2016;174:156-60. 

156. La Torre A, Conca A, Duffy D et al. Sexual dysfunction related to psycho¬ 
tropic drugs: a critical review part II: antipsychotics. Pharmacopsychiatry 
2013;46:201-8. 

157. de Boer MK, Castelein S, Bous J et al. The Antipsychotics and Sexual Func¬ 
tioning Questionnaire (ASFQ): preliminary evidence for reliability and 
validity. Schizophr Res 2013;150:410-5. 

158. Compton MT, Miller AH. Antipsychotic-induced hyperprolactinemia and 
sexual dysfunction. Psychopharmacol Bull 2002;36:143-64. 

159. Serretti A, Chiesa A. A meta-analysis of sexual dysfunction in psychi¬ 
atric patients taking antipsychotics. Int Clin Psychopharmacol 2011;26: 
130-40. 

160. Berner MM, Hagen M, Kriston L. Management of sexual dysfunction due 
to antipsychotic drug therapy. Cochrane Database Syst Rev 2007; 1: 
CD003546. 

161. Renn JH, Yang NP, Chueh CM et al. Bone mass in schizophrenia and nor¬ 
mal populations across different decades of life. BMC Musculoskelet Dis¬ 
ord 2009;10:1. 

162. Stubbs B, De Hert M, Sepehry AA et al. A meta-analysis of prevalence esti¬ 
mates and moderators of low bone mass in people with schizophrenia. 
Acta Psychiatr Scand 2014;130:470-86. 

163. Howard L, Kirkwood G, Leese M. Risk of hip fracture in patients with a 
history of schizophrenia. Br J Psychiatry 2007;190:129-34. 

164. Lin CH, Lin CY, Huang TL et al. Sex-specific factors for bone density in pa¬ 
tients with schizophrenia. Int Clin Psychopharmacol 2015;30:96-102. 

165. Catala-Lopez F, Suarez-Pinilla M, Suarez-Pinilla P et al. Inverse and direct 
cancer comorbidity in people with central nervous system disorders: a 
meta-analysis of cancer incidence in 577,013 participants of 50 observa¬ 
tional studies. Psychother Psychosom 2014;83:89-105. 


166. De Hert M, Peuskens J, Sabbe T et al. Relationship between prolactin, 
breast cancer risk, and antipsychotics in patients with schizophrenia: a 
critical review. Acta Psychiatr Scand 2016;133:5-22. 

167. Holt RI, Peveler RC. Antipsychotics and hyperprolactinaemia: mechan¬ 
isms, consequences and management. Clin Endocrinol 2011;74:141-7. 

168. Lehman AF, Lieberman JA, Dixon LB et al. Practice guideline for the treat¬ 
ment of patients with schizophrenia, second edition. Am J Psychiatry 
2004;161:1-56. 

169. Peveler RC, Branford D, Citrome L et al. Antipsychotics and hyperprolac¬ 
tinaemia: clinical recommendations. J Psychopharmacol 2008;22:98-103. 

170. Hernandez CJ, Beaupre GS, Carter DR. A theoretical analysis of the rela¬ 
tive influences of peak BMD, age-related bone loss and menopause on 
the development of osteoporosis. Osteoporos Int 2003;14:843-7. 

171. Tworoger SS, Eliassen AH, Sluss P et al. A prospective study of plasma 
prolactin concentrations and risk of premenopausal and postmenopausal 
breast cancer. J Clin Oncol 2007;25:1482-8. 

172. Kane JM, Correll CU, Goff DC et al. A multicenter, randomized, double¬ 
blind, placebo-controlled, 16-week study of adjunctive aripiprazole for 
schizophrenia or schizoaffective disorder inadequately treated with que- 
tiapine or risperidone monotherapy. J Clin Psychiatry 2009;70:1348-57. 

173. Chang SC, Chen CH, Lu ML. Cabergoline-induced psychotic exacerbation 
in schizophrenic patients. Gen Hosp Psychiatry 2008;30:378-80. 

174. Costa AM, Lima MS, Mari Jde J. A systematic review on clinical manage¬ 
ment of antipsychotic-induced sexual dysfunction in schizophrenia. Sao 
Paulo Med J 2006;124:291-7. 

175. Gugger JJ. Antipsychotic pharmacotherapy and orthostatic hypotension: 
identification and management. CNS Drugs 2011;25:659-71. 

176. Drici MD, Priori S. Cardiovascular risks of atypical antipsychotic drug 
treatment. Pharmacoepidemiol Drug Safety 2007;16:882-90. 

177. Stroup TS, Lieberman JA, McEvoy JP et al. Results of phase 3 of the CATIE 
schizophrenia trial. Schizophr Res 2009;107:1-12. 

178. Citrome L. Iloperidone for schizophrenia: a review of the efficacy and 
safety profile for this newly commercialised second-generation anti¬ 
psychotic. Int J Clin Pract 2009;63:1237-48. 

179. Leung JY, Barr AM, Procyshyn RM et al. Cardiovascular side-effects of 
antipsychotic drugs: the role of the autonomic nervous system. Pharma¬ 
col Ther 2012;135:113-22. 

180. Freeman R. Current pharmacologic treatment for orthostatic hypoten¬ 
sion. ClinAutonom Res 2008;18(Suppl. l):14-8. 

181. Figueroa JJ, Basford JR, Low PA. Preventing and treating orthostatic hypo¬ 
tension: as easy as A, B, C. Cleve Clin J Med 2010;77:298-306. 

182. Testani M Jr. Clozapine-induced orthostatic hypotension treated with flu¬ 
drocortisone. J Clin Psychiatry 1994;55:497-8. 

183. Kurihara J, Takata Y, Suzuki S et al. Effect of midodrine on chlorpromaz- 
ine-induced orthostatic hypotension in rabbits: comparison with amezi- 
nium, etilefrine and droxidopa. Biol Pharmaceut Bull 2000;23:1445-9. 

184. Castrioto A, Tambasco N, Rossi A et al. Acute dystonia induced by the 
combination of midodrine and perphenazine. J Neurol 2008;255:767-8. 

185. Takahashi H. Acute dystonia induced by adding midodrine, a selective 
alpha 1 agonist, to risperidone in a patient with catatonic schizophrenia. J 
Neuropsychiatry Clin Neurosci 2000;12:285-6. 

186. Hou PY, Hung GC, Jhong JR et al. Risk factors for sudden cardiac death 
among patients with schizophrenia. Schizophr Res 2015;168:395-401. 

187. Ray WA, Chung CP, Murray KT et al. Atypical antipsychotic drugs and the 
risk of sudden cardiac death. N Engl J Med 2009;360:225-35. 

188. Straus SM, Bleumink GS, Dieleman JP et al. Antipsychotics and the risk of 
sudden cardiac death. Arch Int Med 2004;164:1293-7. 

189. Wu CS, Tsai YT, Tsai HJ. Antipsychotic drugs and the risk of ventricular ar¬ 
rhythmia and/or sudden cardiac death: a nation-wide case-crossover 
study. J Am Heart Assoc 2015;4:e001568. 

190. Mehtonen OP, Aranko K, Malkonen L et al. A survey of sudden death as¬ 
sociated with the use of antipsychotic or antidepressant drugs: 49 cases in 
Finland. Acta Psychiatr Scand 1991;84:58-64. 

191. Reilly JG, Ayis SA, Ferrier IN et al. Thioridazine and sudden unexplained 
death in psychiatric in-patients. Br J Psychiatry 2002;180:515-22. 

192. Ray WA, Meredith S, Thapa PB et al. Antipsychotics and the risk of sudden 
cardiac death. Arch Gen Psychiatry 2001;58:1161-7. 

193. Haddad PM, Anderson IM. Antipsychotic-related QTc prolongation, tor¬ 
sade de pointes and sudden death. Drugs 2002;62:1649-71. 

194. Heist EK, Ruskin JN. Drug-induced proarrhythmia and use of QTc- 
prolonging agents: clues for clinicians. Heart Rhythm 2005;2:Sl-8. 

195. Schneeweiss S, Avorn J. Antipsychotic agents and sudden cardiac death - 
how should we manage the risk? N Engl J Med 2009;360:294-6. 


354 


World Psychiatry 17:3 - October 2018 


196. Shah AA, Aftab A, Coverdale J. QTc prolongation with antipsychotics: is 
routine ECG monitoring recommended? J Psychiatr Pract 2014;20:196-206. 

197. Lieberman JA, Merrill D, Parameswaran S. APA guidance on the use of 
antipsychotic drugs and cardiac sudden death, https://www.omh.ny.gov . 

198. Kavanaugh G, Brown G, Khan I et al. Guidance on the use of antipsychot¬ 
ics, Version 3.2. London: National Health Service, 2015. 

199. Pileggi DJ, Cook AM. Neuroleptic malignant syndrome. Ann Pharmaco- 
ther 2016;50:973-81. 

200. Trollor JN, Chen X, Chitty K et al. Comparison of neuroleptic malignant 
syndrome induced by first- and second-generation antipsychotics. Br J 
Psychiatry 2012;201:52-6. 

201. Trollor JN, Chen X, Sachdev PS. Neuroleptic malignant syndrome associ¬ 
ated with atypical antipsychotic drugs. CNS Drugs 2009;23:477-92. 

202. Nielsen RE, Wallenstein Jensen SO, Nielsen J. Neuroleptic malignant syn¬ 
drome - an 11-year longitudinal case-control study. Can J Psychiatry 
2012;57:512-8. 

203. Strawn JR, Keck PE Jr, Caroff SN. Neuroleptic malignant syndrome. Am 
J Psychiatry 2007;164:870-6. 

204. Su YP, Chang CK, Hayes RD et al. Retrospective chart review on exposure 
to psychotropic medications associated with neuroleptic malignant syn¬ 
drome. Acta Psychiatr Scand 2014;130:52-60. 

205. Tse L, Barr AM, Scarapicchia V et al. Neuroleptic malignant syndrome: a 
review from a clinically oriented perspective. Curr Neuropharmacol 2015; 
13:395-406. 

206. Lee JW. Serum iron in catatonia and neuroleptic malignant syndrome. 
Biol Psychiatry 1998;44:499-507. 

207. Patil BS, Subramanyam AA, Singh SL et al. Low serum iron as a possible 
risk factor for neuroleptic malignant syndrome. Int J Appl Basic Med Res 
2014;4:117-8. 

208. Rosebush PI, Mazurek MF. Serum iron and neuroleptic malignant syn¬ 
drome. Lancet 1991;338:149-51. 

209. Patel AL, Shaikh WA, Khobragade AK et al. Electroconvulsive therapy in 
drug resistant neuroleptic malignant syndrome. J Assoc Physicians India 
2008;56:49-50. 

210. Caroff SN, Mann SC. Neuroleptic malignant syndrome. Med Clin North 
Am 1993;77:185-202. 

211. Wells AJ, Sommi RW, Crismon ML. Neuroleptic rechallenge after neuro¬ 
leptic malignant syndrome: case report and literature review. Drug Intell 
Clin Pharm 1988;22:475-80. 

212. Rosebush PI, Stewart TD, Gelenberg AJ. Twenty neuroleptic rechallenges 
after neuroleptic malignant syndrome in 15 patients. J Clin Psychiatry 
1989;50:295-8. 

213. Trollor JN, Sachdev PS. Electroconvulsive treatment of neuroleptic malig¬ 
nant syndrome: a review and report of cases. Aust N Z J Psychiatry 1999; 
33:650-9. 

214. Idanpaan-Heikkila J, Alhava E, Olkinuora M et al. Clozapine and agran¬ 
ulocytosis. Lancet 1975;306:611. 

215. Alvir JM, Lieberman JA, Safferman AZ et al. Clozapine-induced agranulo¬ 
cytosis. Incidence and risk factors in the United States. N Engl J Med 1993; 
329:162-7. 

216. Canoso RT, Lewis ME, Yunis EJ. Association of HLA-Bw44 with chlorpro- 
mazine-induced autoantibodies. Clin Immunol Immunopathol 1982;25: 
278-82. 

217. Fiore JM, Francis MN. Agranulocytosis due to mepazine (phenothiazine): 
report of three cases. N Engl J Med 1959;260:375-8. 

218. Goldman D. Agranulocytosis associated with administration of chlorpro- 
mazine: report of three cases with description of treatment and recovery. 
AMA Arch Int Med 1955;96:496. 

219. Stergiou V, Bozikas VP, Garyfallos G et al. Olanzapine-induced leuco- 
penia and neutropenia. Prog Neuropsychopharmacol Biol Psychiatry 
2005;29:992-4. 

220. Sluys M, Giizelcan Y, Casteelen G et al. Risperidone-induced leucopenia 
and neutropenia: a case report. Eur Psychiatry 2004;19:117. 

221. Munro J, O'Sullivan D, Andrews C et al. Active monitoring of 12,760 cloza¬ 
pine recipients in the UK and Ireland. Beyond pharmacovigilance. Br J 
Psychiatry 1999;175:576-80. 

222. Sporn A, Gogtay N, Ortiz-Aguayo R et al. Clozapine-induced neutropenia 
in children: management with lithium carbonate. J Child Adolesc Psycho- 
pharmacol 2003;13:401-4. 

223. Papetti F, Darcourt G, Giordana J-Y et al. Treatment of clozapine-induced 
granulocytopenia with lithium (two observations). Encephale 2004;30: 
578-82. 


224. Yadav D, Burton S, Sehgal C. Clozapine-induced neutropenia reversed by 
lithium. Prog Neurol Psychiatry 2016;20:13-5. 

225. Nielsen H. Recombinant human granulocyte colony-stimulating factor 
(rhG-CSF; filgrastim) treatment of clozapine-induced agranulocytosis. J 
Int Med 1993;234:529-31. 

226. Lamberti JS, Bellnier TJ, Schwarzkopf SB et al. Filgrastim treatment of 
three patients with clozapine-induced agranulocytosis. J Clin Psychiatry 
1995;56:256-9. 

227. Simon L, Cazard F. Clozapine rechallenge after neutropenia in resistant 
schizophrenia: a review. Encephale 2016;42:346-53. 

228. Gaboriau L, Victorri-Vigneau C, Gerardin M et al. Aripiprazole: a new risk 
factor for pathological gambling? A report of 8 case reports. Addict Behav 
2014;39:562-5. 

229. Smith N, Kitchenham N, Bowden-Jones H. Pathological gambling and the 
treatment of psychosis with aripiprazole: case reports. Br J Psychiatry 
2011;199:158-9. 

230. Nirenberg MJ, Waters C. Compulsive eating and weight gain related to 
dopamine agonist use. Mov Disord 2006;21:524-9. 

231. Claassen DO, van den Wildenberg WP, Ridderinkhof KR et al. The risky 
business of dopamine agonists in Parkinson disease and impulse control 
disorders. Behav Neurosci 2011;125:492-500. 

232. Etminan M, Sodhi M, Samii A et al. Risk of gambling disorder and impulse 
control disorder with aripiprazole, pramipexole, and ropinirole: a phar- 
macoepidemiologic study. J Clin Psychopharmacol 2017;37:102-4. 

233. Cheon E, Koo BH, Seo SS et al. Two cases of hypersexuality probably asso¬ 
ciated with aripiprazole. Psychiatry Invest 2013;10:200-2. 

234. Cohen J, Magalon D, Boyer L et al. Aripiprazole-induced pathological 
gambling: a report of 3 cases. Curr Drug Saf 2011;6:51-3. 

235. Haas SJ, Hill R, Krum H et al. Clozapine-associated myocarditis: a review 
of 116 cases of suspected myocarditis associated with the use of clozapine 
in Australia during 1993-2003. Drug Saf 2007;30:47-57. 

236. Ronaldson K, Fitzgerald P, Taylor A et al. Clinical course and analysis of 
ten fatal cases of clozapine-induced myocarditis and comparison with 
66 surviving cases. Schizophr Res 2011;128:161-5. 

237. Chopra N, de Leon J. Clozapine-induced myocarditis may be associated 
with rapid titration: a case report verified with autopsy. Int J Psychiatry 
Med 2016;51:104-15. 

238. Youssef DL, Narayanan P, Gill N. Incidence and risk factors for clozapine- 
induced myocarditis and cardiomyopathy at a regional mental health ser¬ 
vice in Australia. Australas Psychiatry 2016;24:176-80. 

239. Freudenreich O. Clozapine-induced myocarditis: prescribe safely but do 
prescribe. Acta Psychiatr Scand 2015;132:240-1. 

240. Ellis PM, Cameron CR. Clozapine-induced myocarditis and baseline 
echocardiograms. Aust N Z J Psychiatry 2012;46:1005-6. 

241. Ittasakul P, Archer A, Kezman J et al. Rapid re-challenge with clozapine 
following pronounced myocarditis in a treatment-resistance schizophre¬ 
nia patient. Clin Schizophr Relat Psychoses 2013;10:120-2. 

242. Ganguli R. Behavioral therapy for weight loss in patients with schizophre¬ 
nia. J Clin Psychiatry 2007;68(Suppl. 4): 19-25. 

243. Daumit GL, Dickerson FB, Wang NY et al. A behavioral weight-loss inter¬ 
vention in persons with serious mental illness. N Engl J Med 2013;368: 
1594-602. 

244. Bartels SJ, Pratt SI, Aschbrenner KA et al. Pragmatic replication trial of 
health promotion coaching for obesity in serious mental illness and main¬ 
tenance of outcomes. Am J Psychiatry 2015;172:344-52. 

245. Green CA, Yarborough BJ, Leo MC et al. The STRIDE weight loss and life¬ 
style intervention for individuals taking antipsychotic medications: a ran¬ 
domized trial. Am J Psychiatry 2015;172:71-81. 

246. Wu RR, Zhao JP, Guo XF et al. Metformin addition attenuates olanza¬ 
pine-induced weight gain in drug-naive first-episode schizophrenia pa¬ 
tients: a double-blind, placebo-controlled study. Am J Psychiatry 2008; 
165:352-8. 

247. Wu RR, Zhao JP, Jin H et al. Lifestyle intervention and metformin for treat¬ 
ment of antipsychotic induced weight gain: a randomized controlled trial. 
JAMA 2008;299:185-93. 

248. Jarskog LF, Hamer RM, Catellier DJ et al. Metformin for weight loss and 
metabolic control in overweight outpatients with schizophrenia and schi¬ 
zoaffective disorder. Am J Psychiatry 2013;170:1032-40. 

249. Baptista T, Rangel N, Fernandez V et al. Metformin as an adjunctive treat¬ 
ment to control body weight and metabolic dysfunction during olanza¬ 
pine administration: a multicentric, double-blind, placebo-controlled 
trial. Schizophr Res 2007;93:99-108. 


World Psychiatry 17:3 - October 2018 


355 



250. Tek C, Ratliff J, Reutenauer E et al. A randomized, double-blind, placebo- 
controlled pilot study of naltrexone to counteract antipsychotic-asso¬ 
ciated weight gain: proof of concept. J Clin Psychopharmacol 2014;34: 
608-12. 

251. Lieberman fA 3rd. Managing anticholinergic side effects. Prim Care Com¬ 
panion I Clin Psychiatry 2004;6(Suppl. 2):20-3. 

252. Nielsen J, Meyer JM. Risk factors for ileus in patients with schizophrenia. 
Schizophr Bull 2012;38:592-8. 

253. Every-Palmer S, Ellis PM. Clozapine-induced gastrointestinal hypomoti- 
lity: a 22-year bi-national pharmacovigilance study of serious or fatal 


'slow gut' reactions, and comparison with international drug safety ad¬ 
vice. CNS Drugs 2017;31:699-709. 

254. Hayat U, Dugum M, Garg S. Chronic constipation: update on manage¬ 
ment. Cleve Clin J Med 2017;84:397-408. 

255. Lieberman JA, Stroup TS, McEvoy JP et al. Effectiveness of antipsychotic 
drugs in patients with chronic schizophrenia. N Engl J Med 2005;353: 
1209-23. 


D01:10.1002/wps.20567 


356 


World Psychiatry 17:3 - October 2018 


